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About HyperCube

HyperCube is a Macintosh and Windows application program specifically directed to the
analysis and display of multi and hyperspectral imagery. This includes the static and dy-
namic display of the image cube and the generation of spectral classifications using both
imagery and spectral libraries. In additibtyperCube contains functions to filter, warp,
mosaic, reformat, calibrate, combine, photogrammetrically project and to perform arithmetic
on imagery and data.

The current version number EiyperCube is shown in the lower right hand corner of the
splash screen by selecting About... in the Apple menu or the Help meniMmth@wvs
version.

Macintosh Version

The Mac version oflyperCube is a “Carbonized” OS X native program that will also
run on the Mac Classic OS, versions 8.6 and above. If running on the later OS use Get Info
in the Finder to allocate as much memory as posshg@erCube will run with only 8 MB
but some functions may have to be broken into successive operations. More typically, 80
MB is a good size. Scaled overviews permit selectively loading full resolution subsets into
memory. HyperCube’s Info window (described itmage Operations) will show a running
tally of available memory.

Memory limitations and sizing are not applicable when running on Mac OS X as the OS
will dynamically allocate memory as necessary.

Windows Version

The Windows version runs on the Windévéb through XP operating systems. There
are no other special requirements or considerations. The Mac and Windows versions are
99.9% identical with one significant difference: the Windows version does not support the
Mac Pict image format. It uses TIFF as the basic image format. Although this documenta-
tion was done on a Mac version of PageMakesing Mac examples, the Windows GUI
matches it one-for-one. Any slight (very slight) differences between the two versions is
delineated in the text (in particular see thedd Selection” button in sectiorBand List).
Also, see “Windows version” in the index.

TheWindows version uses tl@ontrol (Ctrl) key instead of th#lacintosh special
command key. So, for example, to perform a paste operation pr&3sithedV keys
simultaneously. The Madption key is replaced with thalt key inWindows.
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Loading Images

Intrinsic File Types

The intrinsic image file format for thdac
is TIFF for OS X and Pict for the Classic OS
HyperCube also automatically recognizes Pj kg ] ed

TIFF, JPEG and .SUN (SRF) file types in thg S > raaron
menuFile->Open... (shown at the right)

Open: HyperCube

W ]

E &nnotated Class Map 12416497

H H H - H nAnnotated Clazs Map.tiff 12417497
provided thelr Findefile types (not thg file ] e \ransas
name suffix) are properly set. If the list does | Eusein 208101

E& eretit 2/8/01 —

not show the file you are expecting then the
file type isn’t one of the above and the imagg PeT. JPes. TIFF snd SUNfile types
must be opened using mehie->Open As... | @ (cancet | [ open ||
with you specifying the file type. Edit- —
>0Options->Detailed Messages is checked then the header contents of the various file
types will also be listed and is a good diagnostic tool.

TheWindows version of HyperCube ugee->Open... (shown below) to load all types
of image formats excejptict which is not supported. TIFF is the general file type/fom-
dows. Use thé&iles of type: popup menu to select which type.

Look in: Ia Images j - EF Ea-

|_13 band [ Hymap-2000 radiance @ ape. kif @ Dredl

|1 Clip art Camonos CIB via ENVI & g1t

| Data_sa CIMalapai runt4 [ DEM_3m~1.tiF B at_te.

| Desert Radiance CInITF [ DEM_3M~3.tiE GeoTl

I omsy Canvis [ DEM_3tesa tiF Groud

|_IForest Radiance [C1sEBASS [ Dem3zbit ki Grouel

|_1Ft Hood [} Shapefiles @Denise.jpg iFsar-li

|_IFt Huachuca [ Terrain Dienise,ntf ifsar-li

|1 Hymap 09-26-99 [CJurban [ Derise kiF | B Mantis

" JHymap2 09-26-99 [ airport1 b [=i07ED [EEE

=] = | I Hymap-2000 B ape.ipg DTED. hdr OIM_z
My Network P... [§ 5 [ | |
File namne: IDTE o] j Dpen I
Files of type: IHaw %9 =] Cancel |

Z |

Windows standard open file dialog.

SRF (Sun Raster Files) and TARGA ——

Sun raster (SRF) and TARGA formatted images can be loaded by selec Hpr
Open As... from theFile menu and then choosing the appropriate item in thi {xycis
Format popup menu. Itis up to you to know which images are actually of ti Library
format. No other dialog is required as these images contain sizing informat :‘,ﬁ'ha"d
in their header. HyperCube should be able to read 8 bit and 24 bit compres ::L

and uncompressed Sun images. HyperCube can also save images in the S, ¢
format but not TARGA. The TARGA format is included for historical reason: Efgta
ex

TIFF
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ESRI Shape Files

HyperCube can load and display certain types of ESRI (Environmental Systems Research
Institute, Inc.) Shape Files. In particular are those produced by HyperCube @ilashe
Map Editor Export function. Shape files consist of a main file that should have a .shp
extension along with the index file (.shx extension) and a dbase file (.dbf extension). No use
is made of the last two files but their contents can be displayed in a scrollable text window by
selectingFile->Open As..., choosingeSRI Shape and selecting the desired file extension
type. For convenience, timeain shape file itself does not have to have the .shp extension
whereas the other two do require their proper extension.

Shown below is the result of opening the three shape files that were exported by the
Utilities->Class Map Editor. Each text window contains a parsing and because of the
possible large size of shape files not all of the records may be shown. Also, the shape plot
sizing is abitrary unless it was exported from HyperCube.

Gravel.shp 0 =—-———traveldbf =——"—0 B
File Code: 9004 Flain dbf
File Lemgth {bytes): 125284 Date: Mow £, 28088
Yersion: 1008 Hum Records: 241
Shope Type: 5, Polugon Header Size (bytes): 161
imin: 8.5 Record Size {bytes): 33
Ymini —@.5 Language Oriwer (D2 @
Tmax: 171.5 Field 1
Ymax: 115.5 Name: Record Mo
Type: M
Record MHumber: 1 Length: 8
Content Length {bytes}: 192 Dec Flaces: @
Shape Tuype: 5, Paolugon Field 2
Box Xmin: -8.5 Mame: Mum Farts
Box ¥Ymin: 113.5 Tup=: H
Box Xmax: 1.5 Length: 2
Box Ymox: 115.5 Dec Places: @
HumFarts: 1 Field 2
HumFoints: 9 Hame: Hum Points
Fart: 1 index: @ Tupe: M
-@.5 115.5 Length: &
8.5 115.5 Dec Places: @
] 115.5 Field 4
1.5 114.5 Mame: Area
Tup=: H
Length: &
Dec Ploces: @
Record 12 1 1 =] 3
Gravel.shx Record 2t 2 1 7 2
Record 32 kc} 148 2098 S2d4
File Code: 9904 Record & : ! : H
File Length {bytes}: 2023 Fiecord 51 5 1 5 1
Yersion: 1@@@ Fecord 71 7 30 1238 1536
Shape Type: 5, Polugon Fecord &1 8 1 s 1
Imin: -8.5 Fecord 91 9 1 S5 1
¥min: -8.5 Fecord 18: 18 1 7 2
Emax: 171.5 Fecord 11: 11 1 9 3
ymac: 1155 Fiecord 121 12 2 54 3
Fecord Humber: 1 Record 131 12 1 5 1
Offset {bytes): 188 Length: 192 Record 14: 14 1 5 1
Fecord Humber: 2 Racord 15+ 15 1 5 9
Offset {bytes): 388 Length: 168 Record 16: 16 18 378 258
Fecord NHumber: 3 Frocoea 4me in . = 4
[ Z

The three shape files and the corresponding plot that were produced via the
Utilities->Class Map Editor Expoftinction. Only a portion of each file is
shown in the text windows. See sec@tass Map Editofor more details.

0 =--——— Gravelshp plot =—"~——=0H

A
=]
KN
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HDF Files

The Hierarchical Data Format (HDF) was developed at the National Center for
Supercomputing Applications (NCSA) at the University of Illinois at Urbana-Champaign.
Most of the image/data formats described in the NCSA HDF Specification and Developer’s
Guide, Version 4.1r5, Novmenber 2001 can be loaded and saved in HyperCube. The strong
exceptions are: the complex data type is not supported and the number of dimensions (rank)
must be less than or equal to three for Numeric Data Groups. HyperCube’s HDF capability
is still in progress and there are other defined formats that may or may not work. In addition,
HyperCube can not save an image cube in HDF only single plane images may be saved in
that format.

Load an HDF image by selecting mefile -> Open As... and choosingiDF as the file
type. Once loaded there is no relationship between the image and its HDF file. Unlike
HyperCube’s handling of NITF and TIFF (see the corresponding sections) there is presently
no overview capability, the entire image(s) is loaded as is. If menEdé#m> Options ->
Detailed Messages is toggled on (checked) then a listing of all of the recognized tags in
the header portion of the HDF file is generated. A typical header from a 512 by 512 by 16 bit
image is shown below.

r
e 06 dma_dted16.hdf hdrl
DDH:
block size: 16
next block: @ @
DD 1 Ex@@eEis
BxB81 e 1 BxBEEEEEca 42
DFTAG_VERS | OH
wers: 4 1 3
text: MCSA HOF Yersion 4.1 Release 3
DD 2 @xeesezz
BxEB6q 1 BxEEEEEE 4 4
OFTRG_MT
Humbetr wers, type,width,class @ 1 22 16 @
0D 2 BxE0B0Ze
BxB2bd 1 BxBEeE0E TS 22
DOFTRG_SDD
rank: 2
diml 512
dimz 512
HT tag,refi
Bx@86q 1
scale tag,ref:
BxB86a 1
BxE86a 1
0D 4 BxE0E83q
BxB2dE 1 BxBE88E81 6 =3
DOFTRG_HDG
humdbjects: 2
Bx@BZbd 1
Bx8Zbe 1
DD 5 @xee08d4e
BxB2be 1 BxEEE86116 SZ24ze88
OFTRG_SD
scientific data
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JPEG Files

Baseline JPEG files may be loaded and saved by HyperCube. Specifically, these are
defined by ISO 10918 as:

* DCT - base process

» 8 and 16 bit samples per component (a little beyond baseline)
» Sequential

* Huffman coding

*1,2,3 or 4 components

* Interleaved and non-interleaved scans

To load a JPEG image file selégte->Open As..., JPEG and choose the file. If the
image is not in JPEG format then you will get an alert message. Once loaded, a JPEG image
is treated like any other loaded image and can be saved in any of the image formats.

Saving an image, either gray, pseudo or true color, is dortéleiaSave As..., IPEG
when the image is the active window. This displays a subsequent dialog (after the standard
save file dialog) that allows you to choose the level of compression as shown below. Also
shown on the right is a text file dump of the various JPEG markers for the loaded image
which appears IEdit->Options->Detailed Messages has been checked before the image is
loaded.

Note: Because JPEG is a lossy format you cannot save a classmap in JPEG format. The
color correspondence will be lost, use NITF, PICT, SRF or TIFF.

=——— Select IPEG Compression"oiamio— O Tulips.jpg_high markers == 0 8
Selectthe desired compression level.
The higher the compression the smaller ;Pfgg_lﬁp?;m 16
the file but the lower the guality. Medium Version: 1.82
compression is visually indistinguishable Units: 1
E ¥ densityr 72
from the source image. v d::z:ta: =
= = %, thumbnaiL: 8,8
~ High Compression
Medium Compression ;ggfafegﬁtT :2‘23 2
canc Low Compression [ 0K | * Fhateshop 2.
fffe length: 39
File written by Adobe Photoshopd 4.8
i ffee langth: 14
Three levels of compression free lengin:
available to you when saving i Largtn: 122
. . Precision/I0: 8,8
OT table:
an image in JPEG format. S e
4 5 5 B 51812 12
4 5 5 B 18 12 12 12
6 B 61112 12 12 12
9 818 12 12 12 12 12
1118 12 12 12 12 12 12
12 12 12 12 12 12 12 12
16 12 12 12 12 12 12 12
Precision/I1D: 8,1
0T table:
. .. T 71324 28 28 17 17
A portion of the JPEG markers defining|| z1ziis1421212
H Hiazd 14 14 12 12 12 12 12
the contents a loaded JPEG image. TSz 14 12 iz iz 12 12 12
) 3 ) 26 12 12 12 12 12 12 12
17 12 12 12 12 12 12 12
text window appears automatically if Ziziziziziziziz
Edit->Preferences->Detailed Message| s tenstn: 17
Samp le precision: 8
checked. 7
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NITF Files

NITF (National Imagery Transmission Format) images are loaded via lrlersOpen
As... and then choosing thITF item in theFormat popup menu. HyperCube can read
versions 2.0 and 2.1 NITF data, gray, pseudo, true color and multiband images including
embedded baseline JPEG. Any graphics or text within the NITF file is ignored. If the image
is multiband, larger than 1024 (pixels or lines) or the pixel depth is greater than 8 bits (e.qg.,
short or float) you are presented with the dialog shown below. This allows you to load either
an overview of the image (necessary if very large) or the entire image. Overview images are
then used to select full resolution subsets that are subsequently loaded usitkglenenu
>Load Selection (see sectio®verviews). If there is insufficient memory to load then you
will be alerted with a message stating how much additional memory is needeRetaire
source... option requires more memory depending on the pixel depth. Saving a 16 or 32 bit
image as NITF saves the retained data as short or floRetdfn source... was not selected
when the image was loaded then the 8 bit display values are saved.

If the NITF image is multiband you may select the starting band and the number of bands
to load and ifOverview is chosen, the overview band and scale as well. To exploit a NITF
multiband image you must first save the loaded image cube. However, there are possible
memory constraints doing this and the best technique is to useltikiies->Reformat
Cube File to convert the NITF file into an image cube file.

A description of the imag\
=—————— lbnadNITFData=""c———
H NITF i 28_multi tral® is:
What part Of the Image to |0ad. q 614;:?:3; by S:T:inlzgiir ;aha:lsds by 16 bits (short)

Initially, set to the image size: >

You may keep the source 16 bit data in memory by
checking the Retain source... checkbox.

If multiband which bands to loia Starting Pixel: | #ofPixels: 614

| | | \ Starting Line: 1 # ofLines: 512
For the given size image, the Scaj'e\\ﬁarting Band: |1 #ofBands: |9
automatically computed to display overviewscate: [1 ]

the whole image within the monitor. L &2 Remap display between:

a/ @& min & max ) min & pax, exclude zeros
) =3 & +3 sigma ) -3 & #3 sigma, exclude Zeros
How to remap the dat

. r [ Retain source data in memdry
for display. /
Set this to keep the source file

: ; . Select either an overview or the image at full resolu-
data in memory. This data will . . e e -
. . tion. You will be notified if insufficient memory.
be used in place of the display

data in all operations.

[0 == 28_multispectral hdr = B B 28 multispectral imghdr

If menuEdit->Options->Detailed|[ ————— —
Messagess checked then each ||| srire: e IDATi: 2000031514005

N . OSTARID: i _3229b TGTID:
NITF image load will produce || | gz zeezaziesee - I A g R
windows listing the main headet| | oas ¢ & 12. - he \ottev:

. FSCLHSE u ISCUDEE

and image header contents. FocLsy: ISCTLH:

. . . FSCTLH: ISDCTR:
Also, if the image header define]| | r==:. Ew
a coordinate system, use tméo || i Socor:
Window to display them. 7 | | =
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TIFF Files

TIFF ( Tagged Image File Format) images are loaded via fggrOpen As... and
then choosing th&lFF item in theFormat popup menu. HyperCube can read 8 bit and
higher baseline TIFF 6.0 images plus 16 and 32 bit tiled format images. Note that neither
LZW norembedded JPEG encoding are included in the baseline TIFF although JPEG images
can be read by themselves (see sediIBG Files). If the image is larger than 1024 (pixels
or lines) or the pixel depth is greater than 8 bits (e.g., short or float) you are presented with
the dialog shown below. This allows you to load either an overview of the image (necessary
if very large) or the entire image. Overview images are then used to select full resolution
subsets that are subsequently loaded using friggrLoad Selection (see sectio®ver-
views). If there is insufficient memory to load then you will be alerted with a message
stating how much additional memory is needed. Rétin source... option requires more
memory depending on the pixel depth. Saving a 16 or 32 bit image as TIFF saves the re-
tained data as short or float in strip format even if the source format was tiRetai
source... was not selected when the image was loaded then the 8 bit display values are
saved.

If the TIFF image contains Geo tags (e.g., it's a GeoTIFF) then any coordinates will be
extracted and used as the image reference (see deatiga to Reference Coordinates).
Saving a GeoTIFF embeds the four image corners asi€&points regardless of the source.

A description of the imag
=————— lnadTIFF lata=""c0———
H TIFFi ‘Dem32bittif is:
What part Of the Image to |0ad q 222I?n;16i‘)?:ls hirrri;llgﬁllinleslljy 32 bits (float)

Initially, set to the image size: o

You may keep the source 32 bit data in memory by
checking the Retain source... checkbox.

NOt used fOﬂ—IFF’ Sed\“TF’ \Starting Pixel: 1 # of Pixels: 2227
i . i Starting Line: 1 # of Lines: 3095
For the given size image, the scale

I~ Starting Band: NAA #ofBands: [N/A

automatically computed to display ——, .~ ]
the whole image within the monitor.

oad Overview

- [ Remap display between:

O min & max () min & nprax, exclude zeros
@ -3 & +3sigma (-3 & 43 sigma, exclude zeros

How to remap the data

. [ Retain source data in memudry
for display. /

Set this to keep the source fi

data in memory. This data will
be used in place of the display
data in all operations. ]

Select either an overview or the image at full resolu-
tion. You will be notified if insufficient memory.

Dem32bittif tags == 01 B

Pinels, Lines, Bits: 2227, 3805, 32
Somp lesPerFi=el: 1
PlanarConfiguration: 1

RowsPerStrip: 3895
StripByteCounts[8,1,2,...]:
B,8,8, ...

If menuEdit->Options->Detailed Messagiss thmber of strips: ©
checked then eaciFF image load will produce || |rite wiawn: 12
the window at right listing the maiflFF tags esse oason sess, L

TileOffsats[®,1,2,...1:

and any Geo tagS, B, B5544, 131050, . . .

Compression: 1
Photometriclnterpretation:

FResolution: @
YResolution: @
FesolutionUnit:
Buytelrder: Big-endian

&
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Raw

TheRaw image format permits you to specify the dimensions and format of general
image files and the resulting size of what will be loaded into an image window. The only
difference between Raw format andMultiband format (explained later) is that tRRaw
format results in loading a single image plane. OpeniRgvaimage always results in
displaying an 8 bit image with the option of retaining the source data in memory. You have
considerable control on how this file data is converted to 8 bits for displayRakémage
file to be opened is selected by choosbyen As... from theFile menu and then selecting
Raw from theFormat popup menu. Since any file can be consideredRenaimage, the
open dialog displays all file types. You must know which files represent meaningful images.

If option Retain source data values is checked (see dialog on following page) then the
actual data is loaded as well. Then any operations that process the imageufeeg,

Image Arithmetic, Line Profile Plots, Mosaic, Warp) will use the actual data instead of

the resulting 8 bit display values. Moving the cursor over a data mage displays the data value
when thelnfo window is open.Histograms andLine Profile Plot operate on the data. See

the Applications section for examples of data usage.

ESRI_Shape

HDF E
JPEG

LAN/GIS Mercu:
Library

Multiband

NITF TheOpen As..dialog showing the

H selection of &kawformat file.
SRF v

Targa

[SErY

s s
r ) (small) P
ac 059) & n DR Il Lib Classification

I H oo oa locclficosi

2

Multiband and LAN/GIS

A multiband image differs from a raw image in that it consists of 2 or more registered
bands each having the same spatial dimensiBhstiband images are selected from the
same custom open file dialog Raw shown above but witMultiband chosen from the
Format popup menu when you sel€apen As... from theFile menu. Raw and multiband
images are defined by a format dialog (see below) that appears immediately @teenhe
button is clicked. This dialog lists all of the information necessary to correctly read and
interpret the image file and to load the image into a window for display. The initial content
of the dialog is read from a simple ASCII text header file having the same name as the image
file but with a.hdr extension (see sectidfeader Files). If this file doesn’t exist (i.e. has
yet to be created) then the dialog fields are empty. In either case you can edit the dialog
fields and save the proper values to create/updatehtiefile. Subsequent opening of the
image or image.hdr file will display the image definition in the format dialog.

If a multiband image is known to be in the LAN/GIS format with a properly embedded
header then it may be loaded by selecting LAN/GIS fronktrenat popup menu. Hyper-
Cube will attempt to decipher the header (either byte order) and preset these values into the
dialog shown on the following page. It is then possible to edit and save the header (in Hyper-
Cube format) for subsequent loading. The actual LAN/GIS header is not modified.
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Image Format Dialogs

An image format dialog showing the defini-
tion of an 16 bit 512 by 512 raw image ready
to load the entire image with remapping. The
Pixel typeis unsigned short an@yte order
indicates big endian. The image will be
converted to 8 bits for display but will also
retain the 16 bit underlying data that will be
used in all operations.

The upper portion of the dialog window defines the parameters of the image as it appears
on disk. Only the data length is determined by HyperCube, all other information must come

Load dma_dted

Data length: 524288 bytes.

Pixels: 512 Header {bytes):

Lines: 512

Pixel type: [ 16 bitunsigned | 3]

Requested Input 5ize:

Starting pixel: |:| # of pixels: |312
startingline: [1 | #oflines: [512

[ Auto Remap %a:

M Retain source data in memory
[ Cancel | [Save hdr..] [Load hdr..] [ Stats | [ Load |

from you or thehdr file. However, HyperCube does check the input for consistency.

Pixels: The number of pixels (columns) per line (row).
Lines: The number of lines (rows).
Header: The number of bytes, if any, to skip at the beginning of the file.

Pixel type: A popup menu specifying the format of each pixel

8 bit unsigned

16 bit unsigned
16 bit signed

32 bit floating

32 bit signed long

Byte order: A popup that indicates whether the most significant data byte is low order
in memory (little endian) or high order (big endian). Only meaningful for
16 bit and larger data. If gray values seem incorrect, try a different order.

PC (little endian)
Mac,Sun (big endian)
Unknown.

The lower portion of the dialog window is where you specify what rectangular subset of
the image file is to be loaded into memory. There are also options that determine how the
pixels are to be converted to 8 bits for display. This isn’t a concern with the example dialog
shown since the data is also 8 bits deep. Pixel conversion is explained more fully in the later

multiband example.
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Specifically, the requested size fields have the following effect:

Starting pixel:

Starting line:

# of pixels:
# of lines:

Auto Remap:

Retain source...

%:

Save hdr...

Load hdr...

Stats:

Cancel:

Load:

Overview:

The first pixel within a line to load and corresponds to the left edge
of the resulting image display window. Pixel numbering begins
with 1, not zero.

The first line of the image file to start loading and corresponds to
the top line in the image display window. Line numbering begins at 1.

How many pixels per line should be loaded.
How many lines of the image are to be loaded.

If this check box is selected then the image pixels are automatically
converted from their pixel type to 8 bits based upon the distribution
of their histogram and upon the percentage popup menu. Generally,
this is meaningful only for 16 bit and wider data.

If checked then the source data is retained in memory at full depth.
Retained data is used in computations instead of 8 bit display data.

If Auto Remap is checked then this popup specifies what percentage of
the distribution of the histogram about the median is mapped to the
display interval [0,255]. See the statistical display window shown in
the multiband dialog example.

This button brings up the standard Mac save file dialog and allows
you to save the *.hdr file defining this image. Subsequently, opening
this image will refill the dialog fields from the *.hdr file.

Displays an Open file dialog so that you can load a possibly different
header file. There are no restrictions on the file’s name.

When clicked, this button reads the image file and generates
various statistics within the rectangular area that you want to load.
The results are displayed graphically in a new window. See
sectionStatistics.

The customary button for aborting the image load.

Loads the image automatically computing statistics as necessary.

This button loads a reduced resolution view of the source

image. The initial scaling is determined by the display screen size and

the Starting pixel, Starting line, # of pixels, and# of lines.
You can select a different scaling. See secilgarviews.
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The image format dialog window fomaultiband image is shown below. It includes all
of the raw image fields plus additional ones to define band depth and the relationship of the
file pixel values to an absolute [0,1] range for comparison with a reflectance library or when
classifying one image cube against a different image cube (see $&essity Function).

Load FTH5_8

Data length: 172032000 bytes.

Pixels: 328 Header: {bytes)
Lines: 1288 Interleave: |Line -
) ) . Bands: 218 .
The cube image format dialog showing the Byte order:

.. . K K Pixel type: | 16bitunsigned | 3]
deflnltlon Of a 210 band Image Wlth 16 blt Normalization to convert data to [0,1] interval:

pixels. Auto remapping of a 95% interval aboyit  scate:[6.601800 | ofrset: [o.0008 |
the median will be used to load bands 60
through 69. The pixel values were previously o _
calibrated to lie between 0 and 1000 will be | ;" Pnet e
converted to a [0,1] range lscale stmnghan;: 60| #ofbands: o |

b4 Remap Bands as a Group, %:

I Remap Bands Individually, sigma:

Requested Input 5ize:

w

If Retain source.is checked then M Retain source data in memory
the source pixel depth data is [JuseG&0 [ Load Gains & Offsets... | (Overview.. |
attached to the dISplay image' [ cancel | [Save hdr..] (Load hdr..] [ Stats | ﬂ Load ||

Theadditional fields are defined as:
Bands: Total number of bands in the image.

Interleave: A popup menu indicating the type of data arrangement:
Band Line 1 through N for band 1, Line 1 through N for band 2,...
Line Line 1 for all bands, Line 2 for all bands,...
Pixel Pixel 1 for all bands, Pixel 2 for all bands,...

scale & offset: These are the transformation coefficients that convert a file pixel to
the range [0,1]. This has nothing to do with display only spectral
library matching and classifications with another cube. In the
example above the file pixels lie between 0 and 1000 so the
transformation is .001 and 0. Also, dexad Gains & Offsets.

Starting band:  Which band from the image will be the first display band. Band
numbering begins at 1.

# of bands: How many sequential bands beginning at the starting band should
be loaded.
Load hdr... Displays an Open file dialog so that you can load a possibly different

header file. There are no restrictions on the file’'s name.
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Remap Bands Individ: Each band’s statistics is used to rescale it for presentation.
Choosing this option produces a display cube having a
uniform brightness and contrast. This only alters the display
and does not affect any subsequent analytical operations.
Also, seeRemap Bands as a Group which preserves
the relative band to band brightness differences.

... Sigma: For each band’s mean and standard deviation, pixels within
[mean - sigma*sd, mean + sigma*sd] are mapped to [0,255].

Remap Bands as a Group:  The composite statistics for all of the bands that are
to be loaded are computed and applied globally. The result
is a display cube that represents the intensity variation of the
image cube file.

Load Gains & Offsets... Allows you to open a text file containing a list of gains and
offset pairs that will be applied every time cube file data is
accessed and affects all analytical operations such as
plots and classifications. The number of gain & offset pairs
must equal the number of cube file bands, not just the number
of bands loaded. After a gains & offsets has been loaded the
the data is internally converted to floating even if the source
file data is integer and the gains and offsets were also integers.
Therefore, subsequent operations will be a little slower than
if no gains and offsets were in effect. The scale and offset
fields that are used INormalization to convert data to [0,1]
interval are appliecfter any gains & offsets, so be sure to
change this transformation to match the new range.

After loading a G & O file th&emap Bands check box will

be on. This is necessary due to the new floating point range.
Remap can be checked off but the resultant display image
cube will probably be very unsatisfactory. In any case, this
will not affect the plots or classifications.

See sectionSpectral Calibration andReformatting a Cube
File for more on gains & offsets.

Use G & O: Automatically enabled and checked on after a gains and offsets
file is loaded but may be checked off to discard the gains and
offsets. To determine later whether a G & O file is being used
by a cube open thafo window, Windows->Show Info), and
examine th&ind field. It will showKind: CUBE w/G&O if
one is being used.

The remaining cube file dialog fields are identical to those of the raw format.
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Overviews

TheFile->Open As menu items:Multiband, Raw and certaiNITF andTIFF dialogs
each contain a@verview button. Its purpose is to generate an image of reduced scaling that
displays the entire or user specified subset of the image at a scale so that scrolling is not
needed. Adialog is presented showing the nominal scale factor and the overview band which
you may edit.

The Requested Input Size, the bottom portion of the dialog, specifies the area of the
image used to generate the overview. The remapping options are used as normal to produce a
decent appearing image. When generating a multiband overview, dialogtadging band
is the default image for the overview.

Once an overview image has been generated you can draw a rectangle (see section
Selection Rectangle) on it that defines the portion of the source image to load by choosing
menuFile->Load Selection. Doing so brings up the dialog defining the image along with
the Starting pixel, Starting line, # of pixels, and# of lines representing the image subset
delineated by the selection rectangle. If no selection rectangle has been drawn on the over-
view then the fields will be set to the spatial extent of the overview. For multiband images,
the originalStarting band and# of bands are not changed. You may edit any value before
clicking theLoad button.

Load dma_dted

Data length: 524288 bytes.

Pixels: 212 Header {bytes):

Lines: 512

Pixel type: [16bitunsigned | %

Requested Input 5ize:

Starting pixel: |:| # of pixels: |512
starting line: |:| #oflines: [512

[ Auto Remap %o:

[ Retain source data in memory
(Cancel] [Savehdr..| (Loadhar..] [ Stats | [ Loaa || ChOOSing)VGrVivel‘Om the d|a|og at the

upper left generated a 1:2 scale of the
image shown above. A selection rectangle
was drawn andrile->Load Selectionvas
used to display the dialog at the lower left.
Note the new values that delineate the

Byte order: iImage shown below when thead button
was clicked.

Load dma_dted

Data length: 524288 bytes.

Pixels: Header (bytes):

Lines: 512

Pixel type: [16bitunsigned | 2]

=)=

Requested Input Size: =

Starting pixel: # of pixels: | 285
Starting line: #oflines: [176

[ Auto Remap %o:

dma_dted

B4 Retain source data in memory
[ cancel ] [Save hdr..] [Loadhdr...] [ Stats | [[ Load ||
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Saving Overviews

An overview image serves as a convenient method of automatically extracting the source
file and saving it in a possibly different file format. This applies to both a selection rectangle
and the entire image. Specifically, NITF, TIFF and Raw image overviews can be saved in
any of those 3 file types. Cube image overviews can only be saved in cube image format.
Note that the save is performed on the source image file depth regardlesRetiine
source checkbox status when the overview was loaded. Any reference coordinates associ-
ated with the source image overview are correctly propogated to the saved image file. If the
overview is color then the output is restricted to NITF and TIFF.

Shown below is a typical dialog that appears after selecting menu File->Save As when
saving an overview image. In this case the the overview has a selection rectangle defined.
Also, see sectionNITF Files, TIFF Files andOverviews for detail concerning the genera-
tion of overviews.

Do you want to save the image
(selection} at full resolution and
depth from the source file or the
scaled image as displayed?

Cancel ] [ Scaled ] ” Full Res ]|

O=——nhillRes=——-=HH

A true color 1:6 overview image The reloaded image resulting from clicking
with a selection rectangle. theFull Resbutton in the above dialog.
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Header Files

As stated previously, each image file can have a unique ASCII text header file that con-
tains all the image characteristics needed to load and display it. This file has the same name
as the image but with.&dr extension and must reside within the same folder as the image
file. The two header files shown here (opened as Text files) correspond to raw and multiband
examples respectively. They consist of key word assignments, one pair per line in no specific
order (see sectiokeyword Format). A missing assignment defaults to “no” or zero. Any
value can be overridden when brought up in the image format dialog and optionally re-saved.
Although header files can be generated using HyperCube (see $&etidimg/Writing Text
Files) and saved asText”, it's easier to fill in the dialog fields and click tiSave hdr...
button.

HyperCube can read certain ENVI® header files. Not every format is supported. The
program first looks for the beginning ENVI® keyword and if found parses only the informa-
tion necessary to conform to its own header parameters including wavelengths and bad band
definitions. You are alerted if an ENVI® header file is being read. SaS8ang(hdr...)
information extracted from an ENVI® file writes a new HyperCuberidean ENVI®
header file.

Raw Multiband Raw with Ref Coords
O 1shdr ==HE O =Frames 21-24rhd = 1B 0 =—"~—=dted2hdr =——=HH
samples = 512 samples = 320 5[?:25192 ;1312
lines = 512 lines = 1280 header offset = @
header offset = 0 bands = 210 file tupe = raw
file type = raw header offset = 0 dota tupe =2
data type = 1 file type = multiband ustart = 1
xstart = 1 data type = 3 S
ystart = 1 interleave = bil byte order = big endian
nurpixels = 512 wstart = 9 ;::2;22”%; s
numlines = 512 ystart = 1 syne type = O
byt order = big endion numpiels = 307 cpper Ia 5 canonnee 22 amennts
nurnlines = 1280 lower left = OF,30REEAEE 543 .3 7SEAEEE
% byte order = big endian lower right = B&J.1BEEE008 543 12500006
bandstart = 60 l
numbands = 10 e
autoscaling = yes
percent = 95
normScale = 0.001000
normOffset = 0000000 O overviewhdr =— 0§
Z sgmples = 23

lines = 535

upper left = 381158.94 8771947 .91
upper right = 381284 .08 B771581 .61
lower left = 290254.34 6771933.68H
lower right = 358480.3H 8771445.91

Various examples of header files. The last 4 lines of the two right examples list the
corner coords of the source image in an external reference system where each keyword
specifies an X,Y pair (see next sectibeyword Format Any combination of 1,2,3 or

all 4 keywords may be given. Selecting méfndows->Show Infawill display the
computed reference coord as a function of the window cursor position. Sewiga

to Reference Coordinatégscribes how to edit these values.

HyperCube Pictorial User’s Guide o01/27/03 Page 19



Keyword Format

Keywords used in the header file are defined below. Each keyword is of the form:

keyword = value. None of the words are case sensitive.

Keyword Value
samples number of source image pixels per line
lines number of source image lines
bands number of source image bands, if multiband or sync
file type multiband

raw
data type 1 - unsigned byte

2 - unsigned 16 bit short

3 - signed 16 bit short

4 - 32 bit float

5 - 32 bit signed long
interleave bsq - band sequential

bil - line sequential

bip - pixel sequential
xstart starting pixel within the source image to load
ystart starting line within the source image to load
numpixels number of pixels to load beginning»atart
numlines number of lines to load beginningysdtart
byteorder little endian-PC

big endian - Mac, Sun
bandstart starting band to load for display purposes
numbands number of bands to display startingpaindstart
autoscaling yes - remap image for display purposes
percent % of remapping statistics to use for display purposes

bandnormalize yes -remap each displayed band using its own statistics

sigma number of standard deviations usetlandnormalize
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normScale scale factor to convert pixel values to [0,1] range
normOffset offset to convert pixel values to [0,1] range

sync type t ¢ - true color synthetic cube
% - classify overlay synthetic cube representing percentage
# - classify overlay synthetic cube representing counts
d - classify overlay synthetic cube representing thresholds

retain data yes - set the Retain source data in memory” checkbox
in the various load dialogs.

icords G - reference coords represent latitude and longitude
formatted as ddmmss.sZ for latitude (y) where ZisN or S
followed by dddmmss.sZ for longitude(x) where Z is E or W
D - decimal degrees latitude (y) and longitude (x)
Note the order: latitude value followed by the longitude value.
Also,icords is not required to define a general reference.

upper left X,y reference coord pair corresponding to pixel, line [1,1]

upper right X,y pair corresponding to pixel, line [# image pixels,1]

lower left X,y pair corresponding to pixel, line [1,# image lines]

lower right X,y pair corresponding to pixel, line [# image pixels,# image lines]
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Image to Reference Coordinates

You can specify the relation between image coordiantes and a reference coordinate
system by including keywords suchuggper left,upper right..., described in sec-
tionsHeader Files andKeyword Format or at any time an image window is active by
choosing mentedit->Options->Image to Ref Coords... . Some image formats such as
NITF and TIFF also have reference coordinates in their headers. This brings up a dialog
showing the current pairings of the image corner coordinates and the corresponding reference
coordinates. If no relation has been defined then the mapping is the identity and the refer-
ence values will match the image values. Note that the dialog is completely general and you
may specify other than the given corner coordinate pairings, e.g., a known image interior
point and the matching reference point. From 1 (simple translation) to 4 (least squares
affine) pairs can be specified. Set unwanted pairings to all zeros. Saving an image after
defining an image to reference relation saves the equivaemércoordinate to reference
mapping in the image’s header file. The option for formatted latitude and longitude is spe-
cific: ddmmss.sy where y is either N or S for latitude and dddmmss.sz where z is E or W for
longitude. Some general reference values don’t correspond to latitude and longitude and you
will get a warning message when selecting from General to lat and long.

Note: Changing the image origin \Ealit->Options->[0,0] Image Origin will disable all
Image to Reference correspondences in effect and you will have to re-establish them.

Image to Reference

Enter 1to 4 image and reference coordinate pairs to define
a mapping between the image and a reference coordinate
system. Enter all zeros for an unused row.

Display Reference values as:
) General
2 Longitude (x}) and Latitude {y), +-ddd.d...
#® Long (), dddmmss s[EW] and Lat (v), ddmmss.s[N,5]

Image x: b'H Reference x: L'H
[ | 1 [0771947.0w | [381158.8N

|25| | ||

|u7r|5m.uw | |33]2I]4.9N

| |
| |
| 1 | | 535 | | 0771932.9W | | 380354.2N |
| |

251 | [535

[ cancel | [ Disable current | |

[0771445.0% | [3804002N

The correspondence between image coordinates and a reference
system expressed in latitude and longitude. Clickikgy will

define the relation which can be displayed dynamically in the

Info window. This relation will be included in the header file if

the image is saved. Clicking tBancelbutton ignores any

changes but does not remove an existing relation. Clicking the
Disable currenbutton removes the reference relation.
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Wavelength File

In order to perform any analytic operations on a multiband image, it is necessary to know
the wavelength and band width of each of its bands. Similar tohitiefile there is an
ASCII text file that specifies: absolute band numpexe ength, band width and status for
each band. It has the same name as the multiband image file butwwireatension
(previous versions of HyperCube use@v extension which are still read correctly if the
wvl extension is not found). For an N band image there are N rows of values. Each row has
4 elements separated by a space or tab and followed by a carriage return. This can be gener-
ated using a spreadsheet or word processor and is completely editable in HyperCube. Below
is the*.wvl file for the multiband example and the way it appears in the program for editing.
In this case the wavelengths are uniformly spaced, the band width is a constant and every
band is active. This is explained further in sechuritiband Functions.

1 400 101 SHI=—— Cubelbyte List —"0—"—=—055
2 410 101 Band nm Ilidth 5Stat
3 420 101 1 300.0 10.0 [Enable all |
4 430 101 2 410.0 10,0 W~
5 440 101 3 4200 100 v
4 430.0 10.0 .~
? 228 181 5 440.0 10.0 .~
6 450.0 10.0 .~
8 470 101 7 460.0 10.0
: 8  470.0 10.0 v
o 9 480.0 10.0 .~ -
70 1090 10 1 10 490.0 10,0 .~ ] Mlﬂl
[
ASCII *.wvl file The HyperCube band list after selectfBgow Band List

If the *.wvl (or the older.wav) file doesn't exist for the multiband image you will get a
warning message during the image loading process directing ylemt&how Band List in
theWindows menu where several options are available for creating/modifying one. If the
band number is followed by an asterisk then that band wasn't loaded into memory. See
sectionBand List underMultiband Functions for more detail.

Sli=———— Cubelbyte List ———007]

Band nm Width Stat

. 1# 400.0 10.0 v

The _resultant ba_nd list after 2% 4100 10.0
starting the multiband load 3+ 420.0 10.0
at band number 4. Bands 4 430.0 10.0 v
1,2 and 3, which were not 2 :gg-g :g-g v
. . W

Io_aded, have_ been flagged 7 460.0 10.0 v
with an asterisk. g 47000 10.0
9 480.0 10.0 v

10 490.0 10.0 v
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Statistics

Shown below is the result of clicking tB¢ats button in thdmage Format Dialog
window for an 8 bit 512 by 512 raw image. Also see setiistograms.

S[I=———— 18 Statistics §|
Min: O Mode: 175 RFernap Tow : 0
Max: 255 Median: 171 RFernap high: 255
Mean: 135.41 S0 49 46 Percent: 100.00

o 12 Histogram 233
coords: (1,11 -(512,512), bands: 1-1

The histogram corresponding to an 8 bit image load .

The numbers shown for Min, Max, and so on are the values for the pixels in the image
file within the rectangular area chosen by the user for subsequent loading. In this case they
are confined to 8 bit unsigned [0,255] pixels. The remapping limits extend over the full
range of the input data because the percent default is at 100. Another more complex example
appears on the following page.

The statistics window is important for visualization because based upon its values the
image file pixels are remapped to the 8 bit [0,255] display range. Explicitly, the image file
interval:

[pixel_median - %/2, pixel_median + %/2] is mapped to [0,255].
Values < pixel_median - %/2 are set to zero.
Values > pixel_median + %/2 are set to 255.
If the resulting loaded image appears too bland (washed out) then the auto remapping per-

centage should be made lower using the % popup. If the image appears too contrasty then
the percentage should be made larger.
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Frame 6 Statistics

Min: =7F&
Max: TE9
Mean: 154 44

FMode : 70 Rernap Tow : 15
Median: 120 Fernap high: 413
S0 115.°01 Fercent: 95.00

Frame & Histogram

coords: (6,10 - (312,220), bands: 1-210

T

The resultant statistics window corresponding to the previous multiband
example using all 210 bands with the 95% remapping interval highlighted.

Below are snippets of the example multiband data after being loaded with 3 different auto

remapping percentages.

100% Interval

95% Interval

70% Interval

Regardless of how the imagery is remapped for display purposes, operations such as
plotting and spectral classification can operate upon the image file as well as the converted
display values. So although saturation and underflow typically occurs when displaying
multiband images all of the arithmetic can be performed on the full range of the file data.

Also, if Remap Bands Individually is chosen in the load cube dialog then each band
will be correctly gray mapped but at the expense of maintaining their relative brightnesses.
Again, this will not affect any classifications or plotting.Détailed Messages is checked
on in theOptions menu two scrollable lists will be output showing the individual statistics
and remapping coefficients for each band.
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Image Operations

Zoom

Image zooming is selected via mdmage->Zoom. It is automatically enabled when-
ever the active window is an image window, otherwise it is disabled. Eacm In magni-
fies an image by 2 until it reaches 16 times then it is disabled. Zéach Out de-magnifies
by 2 until the magnification is unity. The current zoom factor is displayed in each window'’s
title bar. Zooming is performed by pixel replication and is a “virtual” image in that a saved
zoomed image is un-zoomed. To generate a “real” magnified imadéagsefy in the
Image menu. Printing or copying a zoomed window does produce a zoomed output. The
keyboard equivalents fa@toom In andZoom Out are command +and - respectively.

Selection Rectangle

Many image operations can be constrained to a
subset of an image by drawing a selection rectangle
within the image window. This is done by position-
ing the cursor to one corner of the area, pressing the
mouse button and dragging to the opposite corner
and releasing the mouse button. When completed
W _ the area will be delineated by a rotating marquee at

© 1935 Paramont the boundary as shown here. A single mouse click
(double click in théVindows version) anywhere within the image window or pressing the
delete key or choosinglear from theEdit menu will deselect the rectangle. The rectangle
may be repositioned by pressing draliding down the mouse while the cursor is within the
selection boundary and dragging to a new position and then releasing the mouse. The cursor
changes to a multiple arrow while dragging. Each image window can have at most one
selection rectangle. It's possible to unintentionally hide a selection if a window is re-sized.
Scrolling a window will bring the selection area back into view.

Copy, Paste & Duplicate

HyperCube allows copying and pasting entire images or selection rectangles between the
Mac clipboard and its own image windows as well as other application’s windows. Only Pict
type data is recognized. This is a standard clipboard data type used by every application. In
order to perform a copy draw a selection rectangle about the image area to be copied, then
chooseCopy from theEdit menu or the keyboard equivalent, command C. If there is no
selection rectangle active or the window contains a plot or list or some other non-image then
the entire window is copied to the clipboard. To pasteething already in the clipboard,
click anywhere within the destination window to activate it and chBasee from theEdit
menu or its keyboard equivalent, commandPdste will not be enabled unless there is Pict
data or color pixel value in the clipboard. The pasted data appears in the center of the view-
able area of the front most image window with a selection rectangle around it. It does not
paste into an existing selection and if there was one it just disappears. If the target image is
too small to hold the paste then the clipboard data is re-sized to fit within the image bound-
aries. The pasted data can be moved by clickinghaltihg down the mouse within the
selection rectangle and dragging it to a new position. The cursor changes to a hand during
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the repositioning. A single click anywhere within the image window embeds the paste.
Pressing theelete key or choosing meniEdit->Clear erases the selection without pasting
it.

If File->New... is chosen and there is something in the clipboard to paste then the default
size of the new window will be set equal to the size of the image in the clipboard. Perform-
ing a paste will copy the clipboard to the new window.

A copy of the currently active image window or selection rectangle can be made by
choosing thé=dit->Duplicate menu. This option is available for almost every type of
window. The duplicated image will have the same name as the original followed by the word
“Copy”. Some HyperCube operations, such as constructing a cube, automatically make
image duplicates. Also, see secti®aving and Copying Scrollable List.

Any time that the cusor is over an image window, regardless if the window is front most,
the current pixel value may be copied to the clipboard by also pressing the option key, e.g.
commandoption+C combinationGtrl+Alt+C in Windows version). This value may subse-
guently be used as the selected color in many HyperCube functions, (see $ectgmio
Mask, Adjacency, Changing Selection Point Colors andColor to Name Editor).

Gray Mapping

The contrast and brightness of the active gray scale or color image window may be
interactively changed by selecting mdmage->Gray Map. This opens a window contain-
ing controls to modify the pixels in the image and a graphical plot of the current transforma-

L

O

Gravhap=»18_pict

& Linear
i3 Rubberband

1.0
I [1]

Contrast

Brightness

The effect of modifying the brightness within a selection rectangle.

tion and resulting histogram. Ti&rayMap window applies only to the image window that

was active (front most) wheBray Map... was selected. However, every image window can
have its own gray mapping operator. Eorear mapping theContrast andBrightness

sliders control the slope and y intercept of the graphical plot respectively. The horizontal plot
axis represents the input pixels [0,255] and the vertical axis represents the remapped pixel
values, also in the [0,255] range. Initially, the slope is 1 and the intercept is O signifying that
the input is identically mapped to the output. The contrast range is [-9,9] and the brightness
range is [-56,56]. Negative slopes produce complementary pixels. Above is an example of
gray mapping applied to just a selection rectangle within an image. If there is no selection
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rectangle then the entire image is gray mapped. Clickinggpt/ button embeds the gray
mapping into the selection area, or the entire image if no selection. There is one exception:
an 8 bit color indexed image is remapped entirely regardless of any selection rectangle. If a
GrayMap window becomes hidden behind another window you can bring it to the front by
selecting its name from tiWindows menu. As long as th&pply button has not been

clicked the identity gray mapping can be recovered by clickingRédset button. Show

Histogram dynamically displays the entire image’s histogram as a function of the current
transformation starting with the true historgram of the image.

Rubberband gray mapping doesn’t use the slider controls. It allows you to position the
cursor within the plot area while holding down the mouse button. The graph then tracks the
cursor and consists of two slopes with the cursor at their break point. Rubberband mapping
is very useful in bringing out shadow detail without completely washing-out the surrounding
area. An example of this is shown below.

¥ o , - |
i i

[0 =— GrayMap-:18_pict =—"—08

i ) Linear
A s {#® Rubberband

Brightness

I o e W e T

Rubberband gray mapping being applied to a selection
area. The sliders are not used and are grayed out.
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Color Mapping

You can modify the color balance of an image by selecting nmeage->Color Map.
It is similar to gray level mappingsfay Map) except that it only operates on color images.
Sliders are used to independently modify the red, green and blue brightness and contrast of
an image while showing the effect on the 3 historgrams. Note that subtracting a color is the
same as adding its complement and vice versa: adding is subtracting the complement. The
controls and buttons perform the same as gray mapping with the same exc&ppbn:
modifies an entire 8 bit indexed color image regardless of any selection rectangle.

An image may have only one operator attached to it at a time. Specif@raiyMap,
Color Map, and the two filtering operatorStatic andDynamic (described in later sections)
are all mutually exclusive.

ColortMap=-:Tulips

Brightness Contrast
1.0

[1] I [1]
1.5
[11 I [1]

[Reset | [Apply |

Color balance emphasizing green within a selection rectangle.
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Flips & Rotations

Each loaded image can be flipped and rotated in orientation. As shown below there are 3
kinds of flips and 3 rotations. Theft->Right flip changes the order of the pixels within a
line and theTop->Bottom flip changes the order of the lineBand Order is only enabled
for multiband images and re-sequences loaded bands but not their wavelengths. Therefore,
the last band becomes the first band and the first band becomes the last band. Flips and
rotations are global operations and ignore any selection rectangles.

Functiuns Utilities Windows H

Convert Image 2
Add to Cube...
Zoom In H+
Foom Qut -

Left => Right
Rotate B Top -> Bottom
Shift [ 2 Band Order

Flip, Rotateand Shift appear in thdmagemenu.

TheRotate menu item is similar t&lip. Rotations may be

Flip » |

90, 180 or an arbitrary number of degrees. 90 and 180 operailil e
an entire image (including multiband) whBeneral can rotate a| coiormap.. moew
selection rectangle as well as the whole image and uses the Qo.M )

rently selected interpolation method (see sediagnify). Note
that rotating a non-square image results in interchanging the number of pixels and lines. Also,
flips and rotations disassociate the new image geometry from the original image file geom-
etry. Therefore, library matches and classifications of multiband images will be erroneous as
well as spectral plots of their files.

TheReformat Cube File function in theUtilities menu is used to change the internal
structure of the multiband imadige itself not just what is loaded in memory. It also regener-
ates thef.hdr and*.wav files as necessary.
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Shifts

Thelmage->Shift menu item operates
on whole images and selection rectangles; ¢,
All of the shifts are cyclic so that pixels Rotate
shifted off one end appear on the opposite
end. If a selection rectangle is active ther
all shifting is confined to the rectangle.
Since the shifts are invertible they are
applied to the image immediately and can
be removed by applying the opposite shifeft andRight shifts can be applied ®ll lines
or justthe Even lines. They are useful in correcting interleaving errors in captured video
images. Below is an example of such an image before and after shifting only the even lines.
Shifts applied to a cube only affect the currently displayed band.

w

Color Map...
Gray Map...

Magnified captured video frame before and after Shift Right Even lines.

Filtering (Spatial Domain)

HyperCube provides several methods for
filtering an image in both the spatial (pixel)
domain and the frequency (Fourier) domain
The later is described in theage Func-
tions section. Spatial filtering convolves thel Magnify Selection
image pixels with various user selected
matrices and HyperCube provides two methods: a 3x3 interactive kernel and a 5x5 static
kernel. The 3x3 contains sliders for altering the matrix elements while the 5x5 uses edit
fields and operates as a one-shot. You may save the 5x5 coefficients and read existing 5x5
convolver values including those saved by Photoshop™.

Each type of convolver is an operator to the specific image window that was active when
Image->Filter was selected from tHenage menu. Closing the image also closes the filter.

If a selection rectangle is present on an image then the filter is constrained to that area. The
filtering does not become permanent until Apply button is clicked.

Filtering is an image operator and as stated earlier an image may have at most one opera-
tor at a time, e.g. Bray Map is active on an image then it must be closed before any
filtering can be applied.

Filter

Dynamic 343...
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The various sliders on the 3x3 convolver have the following actions:

Diagonal Modify the 4 corners, (1,1), (1,3), (3,1), and (3,3)
Edge Modify only the (1,2), (2,1), (2,3) and (3,2) elements
Center Modify only the (2,2) element

Note that since the sliders produce positive and negative values many positions don’t produce
meaningful image manipulations. T8&arp <--> Blur slider tries to solve this problem by
parametrically modifying the other 3 sliders to produce a continuous range from sharpen to
blur. The 3 by 3 matrix window shows the instantaneous convolver coefficients as depicted

in the figure below.

0 =—— 3X3->Frames 5-8r B
E— T [ g0 -0.16 0.00
Ciagoasl -0.16 1,00 -0, 16
0.00 -0.16 0,00
I N
Edge
[ TN | (NN ]
Center Sharp <—>» Blur

The 3x3 convolver applying a
sharpening function to a selec-
tion rectangle within an image.

The 5x5 static convolver, shown at right, allows you to
input 25 separate coefficients. All of the coefficients mus
be integers. Th8cale value is divided into the coefficients| [z 32 [s3 [32 |7
and theOffset value is added to the final resultant pixel. T|{22__]%6 [241 |196 |52

EO=———— 5H5-*q1

. . 53 24 308 241 53
popup menu has several predefined kernels which may b{ 5z =Tz 1za1 136 |32
modified. A loaded or save kernel will occupy thser ? 32 |53  [32 |7

menu slot. Since there are so many degrees of freedom || scate:[2442 | ofrset:o |
easy to generate meaningless pixels and experimentation

helps. Any set of coefficients may be saved vieSaee... [Preview) [ Gaussian 1) ((Apply |
button and retrieved with tHeoad... button. The coeffi- //
cients are compatible with those produced by Photoshop™
and HyperCube will recognize the later. vsor
Poaussiant

Gaussian 2
Gaussian 3
lert Emphasis
Horz Emphasis
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Magnify

A whole image or the contents of an image selection rectangle, including the current cube
face, can be magnified producing a new independent image. The magnification range is
mostly unlimited as long as the resultant image i
at least 32 by 32 in size and there exists enough
RAM. The type of interpolation can be replica- S
tion, bilinear or cubic resampling. Menu item Paste Vv
Image->Magnify toggles betweetmage and CorAT €0
Selection depending on whether or not a selectig_ burlicate %0
rectangle is exists on the object image window (JEMEERY tobnt @
sectionHyperCube Menus). A submenu speci- 10,01 Imoage origin
fies several magnification factors and permits yo Labels 4
to enter an arbitrary factor that is preset to .75x. e e
The type of interpolation is a nested submenu, Lst Clipboard Contents |__Qublc
Edit->Options->Mag Interpolation, and once selected remains so until changed. The initial
interpolation is set t®eplicate. You must remember that magnifying 8 times generates 64
times as many pixels as the source. Included below are examples of a 4x magnification using
each type of interpolation. Replication is best for viewing the actual pixels while bilinear and
cubic produce photographic like enlargements. Also see the HyperCube section describing
Warp.

L8 Applications Image Functions LUtilities Windows

A 4x magnification applied

to an image subset utilizing

all three interpolators. The Replicate
original is shown at 2x for

clarity.

Bilinear

Original selection
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Info Window

HyperCube contains one windo\ufo, that is always available and dynamically displays
information about any of the other HyperCube windows. The kinds of information depend
upon which window the cursor is in. When the program staftsjs hidden and can be
shown at anytime by selecting meiindows->Show Info. It is not a floating window
when running in the ClassMac OS and if it becomes obscured by another window can be
brought to the front bghow Info. It is a floating window iMac OS X and i'windows.

To hide it click its close box. To print it, use the keyboard equivalent command P instead of
the mouse so that the cursor doesn’t move off its current position and chahge tlaues.

The types of information displayed include the amount of remaining free memory, the
type of window, and the position and current gray or color values of the pixel beneath the
cursor. The origin of all windows is [1,1] at the upper left unjlegy Image Origin is
selected from th®ptions menu. When the cursor is placed upon an image loftbehows
a mini-plot of a vector through theaded cube bands at that position. And when placed on a
histogram plot it shows the bin number. Varitnf® window examples appear below.

O=—mn=——H O==mn=—=H O=—mn=——H
MaxMem: 19613744 MaxMem: 19641596 MaxMem: 19933556
Bands r45-553,9258-4... EBands r453-533,0258-4... Bands r45-553,9258-4...
Class:iHistogram Classilmage 382x968 Class:Image 3605968
{HIST,!8,8,8} {SHGL, @, 8,8} {SMGL, 8, @,L | MK}
bin: 182 pixel,linai 146 234 pixel,lina: 221 296
depth: & index: 168 depth: 32
ryg,bi 168 168 168 Feasbi 255 105 114
O: NN [N E N

Cusor positioned over a Cursor over a gray A true color image pixel

histogram plot. scale image. with the red, green and
blue color components.
O0====mm==H 5] Info O0====mm==H
MaxMem: 19524525 ngaz?;t.:ir data_pro. .. MaxMem: 29387216
Flot-3run@2_1@8a assarrotlle dtedz
Class :0perator {EHDF’?’B’B’bUtE} Class:lmage S12x512
{PLOT,8, 8,8} window: {SMGL,8, 8,8}
wavelength: 754 rm Pixal,line 117 230 pixel,line: 185 o2
reflectance! B.613 'NFQE[ . . depth! 8 index: 245
band #: 61 Rlz=2l, Line b: 245 245 245
A Y1 468073.518672 rUEL
Yr 4486615 .820876 |:| : . . .
Z: 1983 .825439
¥ ref: 283.2020
Y ref: 12340088
Data: 1518

Cursor over a spectral
plot window.

Cursor over a profile
plot showing the corre-
sponding x,y,z image
values for a point on
the profile line.

Over aRawimage
with retained data and
external reference
coords (see section
Header Files
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Image Conversions

Components to Color
Three gray scale images are combined to forgs

[GELEN Functions Utilities Windows Help

composite true color image and is chosen by sels sl RG,Bto Color...
ing Image->Convert Image->R,G,B to Color or | atach pata.. M3t Color-
H,S,I to Color (Hue, Saturation and Intensity to | Zeom™ oL
. . Color to R,G.B
color). Since any three gray scale images can b{ M colorto HS
used, including bands of a multiband cube image | o e
HyperCube displays a dialog window asking you| ceior map.. L oo
. - - . Gray Map... mage to Mask...
specify which image represents which of the thre-—... y| crayscale
colors. The three components do not have to be|  magnity image M it Ecualize (ea. color)
same size, the true color result will be their mini-| _Embedwavelength Principal Components
. . Cube Color Composite P UET i Cut_le...
mum size. If all three images are bands from th New Cube Link.. ,

same image cube thénk to Cube check box is
enabled and if selected the resultant color image will be logically connected to the parent

cube image. This image can then be used to select points for subsequent spectral plotting and
classification (see sectidflassify). If red, green and blue are all cube bands (not necessar-

ily from the same cube) théfntire Cube may be selected and a synthetic color cube will be
automatically generated in which each band consists of the corresponding components
(bands) from the cubes. The number of bands in this cube will be the minimum of the num-

ber of bands currently loaded from the source cubes.

R.G,B to Color

Select the red, green and blue components. The
resultant size will be the minimum size of the three
images. Ifall 3colors are from the same cube then
the output may be linked to a cube.

H,5.1 to Color

5electthe corresponding hue, saturation and
intensity image components. The resultant size
will be the minimum size ofthe three images.

Hue: dataBa.003 >

Red: dataga.001 = b4 Link to Cuba Saturation: | data8a.007 =
[ Entire Cube

Green: | dataBa.ooz - b4 Permutations Intensity: data8a.009 ¥

Blue: data8a.n03 = B4 Permutations

The left dialog shows the selection of three bands to be composited to form a true color
image. The right dialog similarly forms a true color image treating the components as if
they represented hue, saturation and intensity (als@\ppécations->Stereo Matgs If
Permutationss checked then all 6 combinations of the source planes will produce 6
color images (saves having to specify each combination).

Image to Various Components

These are inverses of the previous functions. Any true color image window, I.e. those
that show a depth of 24 or 32 in timéo window, can be separated into 3 same size gray
scale images representing the red, green and blue or hue, saturation and intensity, compo-
nents respectively. The original image is not affected. To perform the conversion activate
the color image window and chodseage->Convert Image->Color to R,G,B or Color to
H,S,I. The 3 new images that are formed are not connected in any way to the original color
image or to themselves. You can make them into a multiband image Phatieeto Cube
menu function described in a later section.
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Image to Principal Components

Image->Convert Image->Principal Components uses the Hotelling transform to convert
a color or cube image into its principal components. Either the covariance or correlation
matrix statistics can be used as the basis for the transform (and optionally saved). If the
source is a cube then you will be presented with the following dialog allowing you to trans-
form either just the bands that are currently loaded into memory or the actual cube file.The
result of transforming an image culle is a cube file that can be treated like any image cube
to perform classifications and “spectral” looking plots.

Window vs File

This window represents a cube mage file SelectingVindow transforms only those bands pres-
Selecting Window uses the display image (8 bits) enﬂy in memory using JUSt 8 bit data. Se|ecﬁ|ﬂg

in the window bands. Selecting File uses all of 4 .
the enabled bands in the image file (16 bits). transforms the image cube file and produces a new

- cube file. The bands are the principal components and
() Use Window (10 bands, 8 hits) - . .

T e are ordered in decreasmg elgenva_lues. TBase... _

[} Save eigen and stats matrices (*.ev,*.cov,*.cvi). CheCk bOX erteS the various matnces tO an ASC“ f||e

(Cancel) eomp  See sectioApply Transformatiorfor format details.

0 =——Figenvalues =———FEIB O B8

Datal

Eigenvalues

TA40E52.62

4
»

55542950

TT0ZZ2E Z1

18316312

W00 g N R DD RS —
+ +
4

0.00
1 42 a3 124 166

Eigenvalues

Shown at the top are the first 3 principal components generated from 166 enabled bands of a
210 band image. The plot and listing of the eigenvalues are also output as well as an image
representation of the eigenvectors. The later may be examined via a line profile plot, histo-
gram or using the cursor with thefo window (see sectioApply Transformatiorfor format
details).
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Indexed to Color

An indexed, or pseudo, image is an 8 bit image similar to gray scale but one in which the
pixel value is an index into a color table. Therefore it has at most 256 distinct colors. A gray
scale image is a special case of an indexed image in that its color table has the same red,
green and blue intensity for each of its indices and is the actual pixel value (HyperCube
checks all indexed images to see if they are actually gray because this greatly simplifies a lot
of arithmetic). If the currently active window contains an indexed image then you can select
Image->Convert Image->Indexed to Color. This will generate a new true color image. If
the original image was gray then the new image will also be gray with equal red, green and
blue components at each pixel. Note that on the Macintosh a full true color image is 32 bits
in depth, not 24 as might be expected. The extra byte is for special effects. HyperCube also
handles the Macintosh 16 bit (thousands) color image: three 5 bit color components plus a
special effect bit.

Special noteMac OS X only: Eight bit pseudo colBict images are converted to true
color when loaded. This does not apply to Pict 8 bit gray images or any other file types.

Color to Indexed

This is the most difficult type of color image conversion because there is no one to one
transformation. A typical 512 by 512 true color image could have over a quarter million
colors which must be reduced to only 256 colors. HyperCube tries to find the best 256 but
sometimes the results are not acceptable. Normally, true color to index should only be used
when the source image has very few distinct colors or to save storage as in making a true
color image fit on a floppy disk. Its necessity has become less valid with JPEG compression
(see sectiodPEG Files). You can select thienage->Convert Image->Color to Indexed
menu when the front most window contains a true color image.

Gray Scale & Changing the Color Table

You can convert the active image window to a new 8 bit gray scale image by selecting
thelmage->Convert Image->Grayscale submenu. If the image was already a gray scale
then a copy is formed. If the image was color, either indexed or true, the three color compo-
nents are combined together to form a single intensity by the following formula used to
convert NTSC color signals to black and white:

gray = .30*red + .59*green + .11*blue

This method yields a more natural gray image then using equal weights of the 3 components.
HyperCube contains a submenu calBador Table under

Convert Image showing several color mappings that may be T
applied to an 8 bit indexed image. The top one overwrites the

image’s color table with a linear gray ramp forcing an indexed
color image into some gray appearing image. The second stri
complements the existing table so that selecting it twice restor,
the original table. The remaining 3 menu options overwrite the
existing color table and color code the image pixels so that pix
(index) zero represents the left most color and pixel 255 the rig
most color. Also see thelassify section describing output products.
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Replace Color

Any specific color or gray value within an image may be substituted with another value.
The result is a same sized image with only that modification. If the image is a cube then a
copy of the band face is used as the source. Cholwsagg->Convert Image->Replace
Color... brings up the following dialog with the last two colors or gray values, if any, that
have been first selected by the command+option+C key combinatietnl-eAlt+C in
Windows version (also see sectiGopy, Paste & Duplicate). The first selected value will
be Color 1, the color to search for, and the secon@aler 2, the replacement color.

If Replace all gray... is checked the@olor 1 is ignored and every gray value (non-
color) is replaced witlColor 2. This is useful for converting a color overlay to a mask.

e T TheReplace Colodialog was used twice to convert
erory secumrores o the prac colorartnm oeew | | the image at below left, a classification mask, to the
e e i ooy Cray (o ety image at its right. The dialog shows the first conver-
value is replaced with Color 2. sion, red to yellow. A second conversion using the

Color 1 ¢r,g.b: b |0 | output from the first replaced the black background
Color 2 (r.g.b): o] with gray [128,128,128]. The intermediate yellow
[ Replace all gray values with Color 2 and black image is not showReplace all gray.can
be used to convert a color overlay to a color mask.
See sectioimage Products

0=————val 1.I2=—————0 8

-
&

Original spectral classification After two successive uses of
mask as output froi@lassify. Replace Color.
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Image to Mask

An image can be converted to another image that corresponds to a specific gray level or
color within the image. Two types of output are possible. The Bisa(y) produces a
same size image (mask) that consists of white (255) everywhere that specific color (gray
level) appeared in the source image and black (0) everywhere else. The seco@dlome (
separation) consists of the chosen color in place of white and black everywhere else, i.e.
only the color selection itself remains. This is most useful where the source image does not
contain numerous colors (gray levels) such as when separating a specific classification color
from a color composite produced with Gassify function. The initial color (gray level) to
be extracted is automatically preset to the last comnand-option C key combination used to
copy a pixel color to the clipboard (see secttmpy, Paste & Duplicate).

When an image is frontmost, chodsege->Convert Image->Image to Mask. This
will bring up the following dialog window:

Color Mask

The respective red, green and blue components of
Enter the red, green and blue . .
color components [0,255] of the the color to be extracted in generating the mask
mask to be extracted. . . .

images in the examples beloMask Type Binary
produces white wherever the rgb pixel value is

Red:  ||241
167

pue: [1es [241,167,185] whileColor Separatiomutputs the
Mask Type: actual pixel value. If the image to be converted is
L AN a gray level image then the dialog will instead
solicit a single gray level with the same options.

A source true color image that was derived from a
spectral classification. The cursor was positioned
over a road and theommand-option-&ey combina-
tion pressed to store the pixel color into the clipboard
prior to choosingmage->Convert->Image to Mask...
from the menu.

O == six Class Map Copy Mask r241gl6a = EF1 B
F * T s AT

-
Z

Binary Mask Typeconsisting only of Color separation Mask Typmnsist-
black (0) and white (255) values. ing of black and the extracted color.
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Histogram Equalization

HyperCube has two functions within t@®nvert Image submenu to perform a histo-
gram equalization of an image. In each case a new image is generated leaving the source
image intact. Any gray or color image may be the source. If the source is a pseudo color
image then the equalized output is converted to true color, otherwise the output image is the
same type and pixel depth as the source. Both functions attempt to construct an image whose
histogram resembles a uniform distribution. Generally, this is not possible. For example, a
non-uniform 256 bin histogram (8 bit image or a color component) can’t be mapped to a
uniform 256 bin histogram, there will be “holes”. The method used by the two functions
differs as follows:Hist Equalize attempts to keep the hue (color) of the image the same
allowing the contrast and brightness to change wige Equalize (ea. color) performs the
equalization independently on each color (red, green, blue) and then combines the results.
The former method appears better but each should be tried. It is also possible to combine,
e.g. averaging, the source and output to produce a more desirable effect (seénsagdon
Arithmetic). If the source image has a selection rectangle present then the equalization is
based only on the selection rectangle statistics but is applied to the entire output image.

Shown below is an original source image along with the output images generated by the
two methods.

O=——————nlips=—————HH8

The left image is the result of usiHgst Equalizewhich attempts to preserve the color
balance. The right image was formed Mist Equalize (ea. colosyhich doesnt.
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Changing the Cube Color Linked Image

The current, if any, linked color composite image can be switched to another existing
color image as long as it is the same spatial size by seléctagge->Convert Image-
>New Cube Link. The following dialog then appears listing candidate images. Any previ-
ous link will be disconnected and any current selection points will be transfered to the new
link.

Get New Link

Select an image from the list to be the
new (or replacement) image cube color
link. The list contains only those color
images having the same size as the cube
window.

New link: [ Bands r49,935,b17 v |

Color to Classmap

A true color image can be transformed into a classmap in which the first 1024 colors
(gray shades are excluded) are assigned classes 1 thru 1024 by selectingagenu |
>Convert Image->Color to Classmap. The classmap can then be modified using all of the
features in menuUtilities->Classmap Editor (see sectiolassmap Editor) If the source
image is pseudo color you will be prompted to convert it to a true color image. In this case,
there will be at most 256 classes. Since a typical color image usually contains more than
1024 colors this conversion is most useful after masking and/or image arithmetic functions to
reduce the number of colors.

Attach Data

Sometimes it's convenient to merge 2 disparate types of image g runctions utiities
together. For example: a classmap (color coded features) and a n mvert image 4
ing elevation image (data values). This is accomplished by selecti

Attach Data...

the data image window to make it active and then choosing menu | 2™ -

Zoom Qut

Image->Attach Data... . This brings up a dialog listing all of the Flip
Rotate

candidate images. An image is a candidate to receive data only if | s

number of lines and pixels is the same as the data image. An imag D

wvw

data image only if it was loaded with tRetain source... option o >
selected (see sectior®Baw, Multiband... andTIFF Files). After data | Magnify image >
has been attached to an imagelitie window will show the image Sl A

Cube Color Composite P

color/gray values and the corresponding data value as the cursor is
moved over the image (see sectiofo Window).

When saving a merged image you are presente(=—————7select bestination ——
with a dialog stating that the source image has | [the pata attached to image: dma_dted’ will be copied
and attached to the selected image or cube. Only

attached data and aSking you if you want the daf images with the same spatial size are listed.
saved as well. If your answer is affirmative then

the data is saved separatelyRaw format (see Images:
sectionRaw) so that it and the source image can

be reloaded and merged together again.
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Image Functions

Statistical Measures

Functions->Statistics contains two methods for
computing the linear correlation between 2 or more
bit images. The first of thesBair Correlations..., FHickev/Superimpose...
allows you to select any two 8 bit images from popu jgre e
menus and then calculates their correlation or covar -,
ance as a function of pixel and line offsets. The
results are listed in a 5 by 5 matrix showing the computed values for each given offset. If
either image was loaded wiRetain source... checked then the actual data will be used in
the computations. Th@ptions... button permits changing the initial offset between the 2
images and the pixel and line shifts per iteration. If image 1 has a selection rectangle then
the correlation computation can be confined to the selection by checkidgdhHenage 1
Selection Box. The check box will only be enabled if there is a selection rectangle on
image 1. Pairs Correlations can be used to determine how good the registration is be-
tween various bands of a multiband image. The more symmetric the fall off from the zero
offset the better the registration. Each computation is generated by selectipgi#te
button and may be aborted by pressing the command period (.) combination.

[TIALLEN Utilities Windows

Pair Correlations...
Band Correlations...

[0 ==—————Pair Correlations 0—"F———H
. . e
The linear cros&*orrglatlon between image 2 ® Correlation
two bands of a multiband data set Q Covariance
using the default values for offset and Pixel Offset
. - -2 -1 +0 +1 +2
delta IS ShOWI’] at the rlght The LE -2 | +A.66586 +B.6958 +8.7A61 +B.68056 +8.6443
correspondingcovariance between the || £f 5|27 o7z s e e
two bands is shown below. S e v e
Cross Correlation |—

0 =——————rair Gorrelations ="c——"—H
Use Image 1
Image 1: | drll.060 = |
= H Selection Box
Image 2: | drll.066 = (2 Correlation
@ Covariance
Pixel Dffset
-2 -1 +0 +1 +2
L 0 +2371  +2454 +2491 42481 +2274
i ; -1 +2B77  +2795 +2983 42732 +2483
ng +0 +2681  +3184 +3493 +3119 +2667
e . +1 +2448  +2676 +2547  +2789 +2655
t *2 +2228 42341 +2428  +2482 +2 336

Covariance Update
.

%

Pairs Correlation Options

The options dialog window specifies the

initial pixel and line offset as well as Pixel offset: Pixel defta; [1__|
i i : . Line offset: Line delta:
their respective steps for each iteration. ine offse edeis
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The second type of correlation in HyperCuBand T——
Correlations, is restricted to multiband images. It [[Tris window represents a cube image file.
calculates various combinations of linear correlation|| e e o e e e e ot
coefficient, covarianc, variance and mean. You are |[the bands in the image file (16 bits).
presented with the dialog at the right giving you the | = .

. . . . ! ) Use Window (10 bands, 8 bits)
choice of using either the window Image data alread ® Use all the File bands (210 bands, 16 bits)
memory or the file image data. The result is shown | L save stats matrices to files (*.cov,".cvi,*.cor).
graphically with a scrollable list window. Clicking on| ¢ cancel)
an item in the scrolled list highlights it on the graph.

You can spot which bands don't correlate well with the others due to atmospheric phenomena
or sensor errors. The radio buttons determine the type of comparison and the statistics.
Sequential correlates each band with the next band, i.e. band 1 to band 2, band 2 to band 3
and so on.Specific allows you to select any band from and popup menu and compare

it with all of the others. Shown here are the results of correlation applied to a 210 band
image. The vertical marker in each graph corresponds to the highlighted values in the lists.
The list values may be saved as text by chodsilegMenu->Save when the dialog window

is front most or copied Hdit->Copy), to the clipboard and subsequently pasted as columnar
data into a spreadsheet application such as Excel™. The correlation and covariance matrices
may be saved to a file in ASCII format which can subsequently be opened in Excel™ (see
Apply Transformation for details).

eee drll Stats e 88 drll Stats
@ Band to Band @ Corr C Cov 12 0.587598 4 C Band to Band @ Corr C Cov 25 0.986877 &
C Band to Bands S Var 3 Mean §i g’g:g:i? @ Band to Bands “hvar Mean g? g'ggg;; -
45 0:968026 28 0:989889 m
Band: [dril001 '3 27 nsooers Band: [dnilo31 1) R pse
Pair Correlations TE 0.552457 Band 31 Correlations z1 1
+0.9997 2 25 0.585843 +1.0000 === 32 0.995373
=R 0987305 23 0997059
e 1011 09886689 e 24 0998468
1112 0988151 | 25 0995669 |
12132 0992405 & 26 0994451 |
-0.92320 ST R -0.3459
3 Bands 209:210 1 Bands 210
The sequential band to band correlation Same multiband data with band 31
plot showing the absence of correlation compared with all of the bands within the
within the water absorption portion of the cube including itself. Clicking a list item
spectrum. Generated from file data. high lights its position within the graph.

If 32 or more bands are used then both the covariance and correlation matrices generated
in the statistics are converted into images that can be further analysed by performing profile
plots, histograms and examining values via the cursolrdadvindow.

i)
m

O Covariance EE The matchingovarianceand [] Correlation
-| Correlationimages corresponding to u
the statistics plots shown above. Thg |
image size is the number of bands |
and pixels represent floating point —_—
data, large values fo€Covariance |

and -1 to +1 values fo€orrelation

4]

-

{ » [ 1] D7
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Histograms

A histogram of the distribution of the pixel values
for any single or multiband image can be generate
the front window by selectingunctions->Plots-

Flicker Cube

[T At B Utilities Windows

Flicker/Superimpose...

>Histogram. If a selection rectangle is present the | statisties

b

histogram is confined to those pixels within the rec

angle. If the band list for a multiband image has arf metc..
bands disabled then those bands are ignored in co| 0verlay Color...

puting the histogram. If the window is a cube then

you will be presented with the dialog shown below allowing you to choose either a specific

band in memory or the file data. Also, see sed®xel Exclusion.

A true color image produces three separate histograms:, one for each of the three color
components: red, green and blue. If the window is a color map overlay then the output is a

list of the frequency count of the classes (see sektiage Products).

If the image was loaded witRetain source... then the histogram of the underlying data

as well as the display gray values will be generated.

Bandvs fFile="0—"r—

This window represents a cube image file.
Selecting Band uses the retained data (16
bits})in the current window band. Selecting
File uses all of the enabled bands in the
image file {16 bits).

@ Use Band: 60 (16 bits)
(2 Use enabled File bands {160 bands, 16 bits)

Histogram

Spectra (Selected Points)
Spectra (Dynamic)
Scatter...

Profile

Cube source selection dialog.
O run3_1000 band 60 Hist =—=FHEIH O run03_1000 Statistics =c—"=H
Min: 0 Mode : 295 Rernap low: 0
2339 Max : 1000 Median: 269 Rernap high: 1000
Mean: 256 .56 S0: 92 4209 FPercent: 100

1202

1268

634

u}
a 230 S00 750 1000
# Ptz 295680, Mean: 272676, SD: 61 8052, No exclusions

o

e

run0Z_1000 Histogrann
coords: (8,1 - (315,960) of enabled bands within 1-210
Mo exclusions

1000

The histogram of just band 60.

All 160 enabled bands showing
remapping limits.

J=="—F————————rundl3_1llhhist=——"————————

=)=}

228254

182600

126950

21300

43630

u]

o 90 180 270 360 450 540 630 Tz20 g10
* Pis: 47I07047, Mean: 256789, S0 93 4666, Mo exclusions

Q00

1000

%

The histogram of 160 enabled file bands. Can be resized or a selection magnified.
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Pixel Exclusion

For display purposes and to yield better histogram plots
you can select a value or range of values to be ignorecl il feplications mage_Tuncions it
(excluded from computation) when generating certain | cut #X
statistics. This option permits cube image pixels to be | e &y

better mapped for display or to see details in a histogra] £ =~
that would be overshadowed by a too populous bin (e.d

Duplicate #D
lot of zeros). Mend\pplications->Shaded Relief also G
does not use excluded pixels in computing estimates fo
initial x and y slope scaling but does use all pixels in
generating the output image (see sechipplications).
Excluded values do not affect analytical operations suc e Ll
Principal Components, Classifications andimage Pixel Exclusion...
Arithmetic,

The following dialog is presented by selecting meulit->Options->Pixel Exclusion.
Enabled exclusions are global, i.e., they are in effect for all images until they are disabled.

Detailed Messages

List Allocation

[0,0] Image Origin
Labels »

Mag/Rotate Interp 3
Color Selector...

Pixel BExclusion="c0F——=

Yalues may be statistically included or
excluded to produce a betterimage cube

The dialog shown at right will cause all PIXelS iN th [saeere excdes meeger poe eames

*specific’ excludes integer pixel values.

closed interval [-153,0] to be excluded when gener| |fenae’ s useful for floating values and

may include or exclude pixels.

ating Histogramsand determining the display O None

remapping necessary when loading an image cubg © Seecifie: [0

This will also apply to the initial slope estimates in | ® %" [153___Jte: [ooon |
@ Exclude range values

menuApplications->Shaded Relief ( Include range values
)
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Scatter Plot

ChoosingScatter... from theFunctions->Plot submenu brings up the image selection
dialog window shown below. After selecting two 8 bit images, which may differ in size, a
two dimensional scatter plot is generated with the origin, point [0,0], at the lower left. A plot
point is derived by using image one’s 8 bit pixel value as the y coordinate and image two’s
pixel value as the x coordinate as the images are scanned in unison. Therefore the output
image will always be 256 by 256 and mostly black. Each time there is a multiple hit, i.e. the
inputs generate an x,y already plotted, the color (or gray value) for that point is modified
from blue (black) towards red (white). If both selections are the same image then the output
image consists of a 45 degree broken line of colored dots from the lower left to the upper
right. After the output image is generated you may select other color tables from the menu
stringIlmage>Convert Image>Color Table to view different encoding schemes.

By selecting the scatter plot and moving the cursor over it the corresponding pixels in the
two input images will be overlaid with red dots. To force their gray scale restoration choose
thefirst color table (linear ramp) as described in the previous paragraph.

Select Scatter Plot Images

The |n|t|al Coding Select two images to generate the scatter
diagram. Image 1 pixels are the vertical position A" Ccu rrently open 8
method is determined by and image 2 pixels are the horizontal. . .
bit gray windows,

these check boxes and——Fiot: O Gray

" ® Color regardless of size,
can be |ater mOdIfled by [J Also save as a 256 by 256 Contingency Table . .
. . _ : _ are listed in the
choosing a different Window 1: | Tulips Red 2
_ : popup menus.
color table. Window 2: [Tulips Green | 2]
=

=[H= Tulips Red-Tulips Green scatter SE3

sapsfed Points in this regio
& correspond to picture

elements where red is

the dominant color.

The diagonal band
maps to values of
similar intensity in
the two images.

Red Tulips component.

Tulips Green _

The red and green component images of a true color
image were used to generate this scatter plot image.
The red image pixels are the vertical coordinate and
the green pixels the horizontal coordinate. The red
tulip flower tops form the cluster in the upper left.

As the cursor is moved over the plot the inverse
transformation shows which pixels in the source
images contributed to this point.

Green Tulips component.
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Line Profile Plot

A density value plot of an image can be generat"
by first delineating a line and then selecting Foec-
tion->Plot->Profile menu. The line is specified by  overiay cotor...
positioning the cursor on one endpoint, depressing «.c
control key (previous versions used the shift key) and clicking and dragging the mouse to the
other endpoint. Upon releasing the mouse a marque-like line will remain. Repeat the proce-
dure to select a different line. Control-click (contdoldble-click in théindows version)
the mouse without moving it to clear the line or choosétlie>Clear menu.

If an image is color, including pseudo color, then three separate profile plots will be
generated for the red, green and blue components respectively. Each plot is resizeable and
includes the coordinates of the endpoints such that the left coordinate is the start and the right
coordinate the ending point. Overviews show the properly scaled coordinates. The vertical
coordinates are expressed as either gray values (always 0 thru 255) or in data values ranging
from the minimum to the maximum data within the profile line (see seR@w Retain
source... checkbox).

The profile plot window is an independent window that can be printed or copied to the
clipboard, or duplicated and saved. To save a profile as an image activate its window and
select mentedit->Duplicate. Then save thduplicate as a normal image. The actual profile
values can be saved as a text file by selecting iRdew-Save. The file will consist of
1024 lines ok,y,z triplets regardless of the length of the profile line. Onlyxthedy are
interpolated, eaclz value is exact. They,z triplets are also copied to tieépboard when
performingEdit->Copy. Moving the cursor over a profile plot line will display the corre-
sponding image,y,z values in thénfo window if enabled (see sectitmfo Window).

Histogram
Spectra (Selected Points)
spectra (Dynamic)

Scatter...
Profile

E ——— runi3? 100 === E [ =——=run03_1000data_profile HE
= run03_1000 band 60 data
Biand 60 of 210: 744 hin 230
afu] [» i
= . 5 =3 v, v = 632

532
433
T34
234
135

kL]

(125,499) < Profile Endpaints -» (135,655)
i

Profile values resulting when the
Retained source datgption was
chosen when loaded.

[0 = Band 60 gray gray_profile BEE
1 Band 60 gray gray
. i 255.0
i 2240
L ‘.’l & 192.0
t: E. ' 1600
> 4 1 128.0
Q6.0
640
320
A prOfIIe Ilne draWn over band 60 Of a hyper- o (125,499 <~ Profile Endpoints - (135 ,655)
spectral cube with 16 bit pixels. The plots at %
right represent the effect of tiRetain source Same profile values withoRetain
data in memoryption when loading. See source..option when loaded.

sectionRaw.
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Image Arithmetic

HyperCube allows you to enter general “C” type arithmetic eXPre ey utilities_wind
sions where the operands are images and constants. The result is g Ficker Cube

Flicker/Superimpose...

whose size equals the minimum spatial size and maximum pixel dep| statistics >
the individual image operands. Since the arithmetic generally produ( et >
values outside of [0,255] you can specify how to remap the resultant/ BT -u—
display image. All arithmetic is performed to full precision and remai| Adiacency i

Classify...

attached to the output image. If an expression contains a color imag cairation...

output will be a color image limited to the display depth of 8 bits per ¢ =

(see examples). —
MenuFunctions->Arithmetic... opens the dialog window shown warp...

below. The popup menu contains a list of all of the current images that you can use to form

an expression and is in order of creation. Each image name is preceded by the letier

a number. These symbols are used to form the expression instead of using the explicit image

name. The expression itself will be used as the resultant image name and it too will be added

to the image list. The expression is typed into the upper edit box and must conform to the

“C” syntax. Listed below are the operators and functions recognized by HyperCube.

(,) left and right parenthesis == equality

+, 5% arithmetic operators I= inequality

% modulo >= greater than or equal
&,| bit-wise and, or <= less than or equal

A bit-wise exclusive or > greater than

<<,>> bit-wise shift left, right < less than

+,- unary signs pi constant (3.14159...)

fabs, sqrt, pow, exp, log, logl@

sin, cos, tan, asin, acos, atan, atan2

shift_left, shift_right, shift_up, shift_down - see examples
slopex, slopey, slopexy, gray - see examples

The relational operators (right column above) produce a mask image consisting of 1's
where the pixel by pixel relation is true and 0's where it is false. For example: the expression
sl==s2 creates a mask with 1 for each pixekbfands2 being equal and zero otherwise.

The expressionsl==s2)*s1 shows those pixels afl that matchs2, whereas
(s1!=s2)*s2 shows those pixels @ that differ from s1. See more examples later.

O

m

Image Arithmetic

Arithmetic Expression:
{{fabs{slopex{s1,1}} > 1} &

Thelmage Arithmetiadialog window displaying a (fabs(slopey(st, 1)) > 1)) * 255
list of images that you can use as operands in an svailate images:
expression. The example shown at the right gener-{| [=1:asa_atea =
ates an image mask representing the areas that hay| (ss:is_pict

an x and y slope magnitude greater than 1. Fessereen opture

-

[ Options... ] [ Help... ] [Execute]
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In addition, a new constant type operand is available that consists of a triplet set of
numbers represented fonstant, constant, constant}. When used in an expression
such as1*{.95,1.3, .6} the red component a&fL is multiplied by .95, the green compo-
nent by 1.3 and the blue component by .6. You can use the triplet constant anywhere that a
single constant is valid. It will force the pixel depth to true color.

All image operands are converted to floating point before arithmetic is performed. The
result of the expression must then be converted back to 8 bits/plane to display an image (the
underlying data remains the results of the expression).Ophtiens... button allows you to
determine how the display pixels generated by the expression are remapped back to the
[0,255] range. If th&®emap check box is unchecked then the expression is truncated (but
not the underlying data) such that values above 255 are set to 255 and values less than 0 are
set to 0. This is useful when the expression only contains bit-wise operators. Generally,
expressions produce pixels well out-of-range. In this case seldeéthap check box and
choose thenin & max radio button, then the expression range [min,max] will be linearly
remapped to [0,255]. For expressions that produce a wide non uniform range of values
choose th@ standard deviations radio button. Then the value of the expression is
remapped so that values in the range [expression_mean - 3*sd, expression_mean + 3*sd] are
linearly transformed to [0,255]. Values outside of this range are set to 0 and 255 respectively.
TheDo each color separately checkbox specifies whether one set of statistics is applied
globally for all three colors or whether three sets of statistics are separately used to remap
each color independently of the otheExcude zeros ignores any zero pixels when remap-
ping.

Set divide... defines the result of any zero divisors that may occur (almost a certain
consequence of using the divide operator). The 3 possibilities set the resultant pixel to zero,
one or 255. The default is zero but the other 2 choices should also be tried especially if
remap betweemin & max is set.

Expressions are evaluated from left to right unless parentheses force the order of execu-
tion. An expression can consist only of constants in which case the output image is a uniform
color. All 8 bit pseudo color images are converted to their respective true color values
during computation. The result remains true color, it is not reconverted to pseudo color. Any
expression containing only gray results in a gray output image at full precision. Any expres-
sion containing color produces a color output image at 8 bits per color.

TheArithmetic Options dialog allows you to generate a
sequence of outputs that are assembled into a “synthetic”

Arithmetic Options

[ Remap result between:

cube where each plane is the result of one evaluation of th
sequence. To use this option ch&@xnerate a sequence,

and enter the number of ouputs and range that will be line:
substituted for the variable ‘t’ in the expresion. For exampl
the arithmetic expressi@lopex(sl, t) with the options

shown will generate a cube consisting of 10 planes where
each plane is the slope in the x direction over an interval o
‘t,i.e., 1,2,3,...,10. The variable ‘t"is not limited to integer

@& min & max

(3 3 standard deviations

O Bxclude zeros

[1 Do each color separately

Set divide by zero gquotient to:

@ zero Jone (255

[ Generate a sequence

Enter # of outputs:

and range for variable ‘t*:

|l |to: ||q |

values and mgy_be substituted anywhere in the expressior]
that the substituion produces correct syntax.
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Examples:
where:sl is a data images2,s3,s4 are bands of a cube asflis the shaded relief af.

((s1>1000)&(s1<1200))*s1  Keepsl values between 1000 and 1200, zero rest.

log(sl) Should also choose a remapping option.
atan2((s2-s3),(s2-s4)) Also try various remappings.

shift_left(sl,3) Shift thes1 image 3 pixels to the left with wraparound.
shift_up(sl,2) Shift thes1 image up 2 lines with wraparound.
slopex(sl,2) Generate the slope of image over an interval of plus and

minus 2 pixels in the x direction.
gray(s5) Use the display gray values of s5 instead of any attached data.

(s1>1200)*{32,0,0}+gray(s5) Generate a red tint image of all regions®that are
greater than 1200.

(fabs(slopex(sl,1))>1&fabs(slopey(sl,1))>1)*255 A mask of areas with x and y
slope magnitude greater than 1.

A data source image. Corresponding shaded reliefhe mask image resulting
generated via mendippli- from the last expression in
cations->Shaded Relief the examples.

0 == Color Coded Slope == H B

This image of the above source image is the result of apply-
ing the the following arithmetic expression:

(slopex(sl,1) > 0)*{255,0,0} +

(slopex(sl,1) < 0)*{0,0,255} +

(slopex(sl,1) == 0)*{0,255,0}

so that positive x slopes are colored red, negative x slopes
blue and zero x slopes green. Expressions may be copied
and pasted to and from a text winddwl¢->New) and then
saved.
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Overlaying Images

A special image function is provided to allow overlaying one

Imm Utilities  Wind

Flicker Cube
Flicker/Superimpose...

Statistics >
Plot >

Arithmetic...

Adjacency >
Classify...

Calibration...

FiSignatures)...
Fourier...

Mosaic...

Warp...

image on top of another. Thisuld be accomplished by splitting the
images into red, green and blues planes followed by various logical
operators previously describedimage Arithmetic and then re-
combining the resulting planes. TRanctions->Overlay Color...

menu makes this much easier: you select the two images and the
program will construct a third true color image that is the result of
overlaying image 1 upon image 2. The first image is the mask or top
and the second image is the base or bottom. Hlack pixel in the

mask becomes clear when placed upon the base thus allowing the base
image to show through at that pixel. Evapn-black pixel in the mask
overwrites the base image. The spatial sizes and pixel depths of the
source images do not have to be the same, the output image will be the
size of the overlap and true color. Psuedo color and gray scale are

automatically accounted for. Note that the mask criteria is based upon color, in this case
black, and not on a zero index if the mask happens to be a pseudo color image.
ChoosingOverlay Color... from theFunctions menu brings up the following dialog:

Select Overlay Images

Select 2 source images. A new composite
output image will be generated consisting
of Image 2 wherever Image 1 is black and
Image 1 wherever not black.

Image 1: [ ED110.0 -]

Image 2: | dataBa.011 Copy w |

EDT 10.0

Image 1 (mask)

dataBa.011 Copy

Image 2 (base)

E[0= data8a.011 Copy Over

ki
e,
e

S
o

i
& EE

Color Overlay
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Adjacency
This image function can be used to delineate where tWo OF IOk Gw \.ies windows Heip
pixels (classes) have the same value within a selected spatial | ficker cube

Flicker/Superimpose...

borhood. Four variations are available: the firsgges, cross S 8
compares the pixels in twgifferent images, the secor@plors, Plot 3
i i i i i Arithmetic...
uses aingle image in t_he comparison and the thqu _and_ fourth, e
Classes andSingularities, pertain to spectral classifications. T [T Images

Colors
Classes
Singularities

idea is the same for all: generate an output image consisting o E'a"’,f,f:‘;’t;;m

combination of input image pixels that match some criteria any- -
where within a specified radial distance of each other. The neighborhood can range from
zero to some arbitrary radius.

Adjacency->Images is a generalization of equality. Given two images it sequentially
compares a pixel of the first image with the neighborhood surrounding the similarly located
pixel in the second image. For example, a radial neighborhood of 1 is interpreted as compar-
ing the source pixel with any of the 4 adjacent pixels in the second image (a radius of 1 is not
large enough to include the diagonal neighborsEoihcidence is checked (see below)
then the central pixel is also included. A radius of 2 increases the valid comparison region to
12 or 13 pixels depending up@oincidence. Fractional radii are allowed, e.g. a radius of
1.42 would include 8 or 9 pixels. If the radius is set to zero then the function reduces to
equality. The output pixel can be set to just the source pixel, just the matching neighborhood
pixels or, both as selected by the three radio buttons. The image examples below demon-
strate how two spectral classification output masks are combined to produce a new mask in
which the algorithms agree with each other allowing a spatial uncertainty of 1 pixel, e.qg.
whereVector Angle andCorrelation Coefficient matched exactlyGoincidence set)and
within 1 pixel of each other.

O=="—"——val IB=——08 O=="——=o 1M =———08

The two source spectral
classification outputs
used as input to the
Adjacencyfunction
producing the output
shown at the lower right.

Select Adjaceny Images =——— 0 =———Adjacrenty | =—-FHIH

Select two images. The output image consists of
one or both of the two images wherever an
Imagel pixel has a matching pixel in Image2
within a neighborhood radius of [1,Radius].
Coincidence changes the interval to [0,Radius] .

Image 1: | YAl 0.08

Dialog is set to produce
an exact match as well a

Ak

Image 2: spatial mismatch of a one
Radius: pixel radius.

[ Coincidence {range includes zero)

@& Image 1 OR’ed with Image2, if a Match
() Image1 only,if a Match
(2 Image2 only, if a Match
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Adjacency->Colors operates on the front most image window and is used to extract
pixels with two specific colors that are co-located within a selected radius. This operation
could be done by first separating the source image into two masks of the given colors (see
sectionimage to Mask) and then usingddjacency -> Images as above buAdjacency ->
Colors greatly simplifies this. The image example below shows how a multiple spectral
classification output can be transformed into an output showing the outline of everywhere
one class is exactly adjacent to another class, e.g. grass and tree canopy demarcation. Again,
the selected radius allows a considerable latitude in the equality range. The two colors to be
compared are best chosen by first positioning the cursor over the source image and using the
special command-option-C combination described in seCtapy, Paste & Duplicate.

The colors will then automatically be filled in whAdjacency ->Colors is selected. Note
that checkingCoincidence has an effect only when the two selected colors are identical in
which case the resultant image will consist only of that extracted color (see $@etgmto
Mask to accomplish the same thing).

Select Adjacency Colors

Select 2 colors {grays). The output image will
consist of one or both colors {grays)wherever
the 2 colors (grays) are adjacent within a
neighborhood radius of [1,Radius] . Coincidence
changes the interval to include zero, [0,Radius].

Image: 5ix Class Map

Color 1 {r,g,b):
Color 2(r,g.b): [195 | [255
Radius:

[ Coincidence {radius includes zero}

() Color1 OR'ed with Color2, if a Match
() Color1 only, if a Match
@& Color2 only, if a Match

Ei
L75)

The dialog above was used on image Six Class Map to extract tree [43,96,43] regions
that are adjacent within a 2 pixel radius to grass [195,255,195]. The output consists
of only the grass border.

i)
m

O Trees & Grass Adjacency
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The third variationAdjacency->Classes, is only available when the front most image is
a classification overlay produced via fiassify function. This type of image displays the
member class as the cursor is moved over it. The intent is to extract all of the areas within
the overlay that have a common adjacency but instead of specifying colors you specify how
many of the class members must be present within a certain radius. If you select less than the
actual number of classes that the overlay possesses then this subset could and would change
throughout the image. This permits generating a spectral classification using similar signa-
tures from a library (again usirigassify) and then entering how many of these signatures
are needed (found) within a certain radius to reduce the ambiguity of false “hits”. The output
may be an image or a mask depending upoCtear image background checkbox. The
image appears where the criteria fails and some combination of the class member colors
where it succeeds. If a mask then black appears where the criteria fails. The mask can be
overlaid on the original classification source usthgrlay Color in theFunctions menu.

The following user dialog and examples illustrate how you can increase the accuracy of a
spectral library classification.

Select # of Matches

Select how many matches that must be within the Class map imagEour Class Ma[ﬂ:onSiStS of
chosen radius to be defined as an Adjacency type

of match. The number of matches must be less 4 C|aSSGS. A" fOUI’ C|aSSGS are Used and

th | to the total h fcl . . . .
e searched within a 2 pixel radius to generate
Tour Class Map' contalns 4 classes. the output mask image shown below right.

Radius (pixels): # of matches:

[ Clear image background {output mask)

0 =—"———=comp adj 200=—=_[1H

Vehicles

This classification overlay image was After applyingAdjacency ->
generated by using 4 signatures from a Classego the left hand image.
spectral library, each depicting some

characteristic of a vehicle.
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The fourth variationAdjacency->Singularities, is also only available when the front
most image is a classification overlay produced via&lassify function. This type of
image displays the member class as the cursor is moved over it. The idea here is to scan the
image for all occurrences of a single class map color (feature) that is surrounded by a differ-
ent feature or features within a specified pixel radius. Wherever this happens the singularity
is replaced by the surrounding feature with the greatest abundance within the radius. If the
single class feature is surrounded by imagery (gray) then no replacement is performed. The
final output of this function is an almost identical class map with single pixel “noise” re-
placed by surrounding features. Since this modifies wha@lweesify function thought was
correct you must carefully inspect the new class map to determine the validity of this opera-
tion. The best use of this function is to de-clutter class map images before converting them
from raster to vector form (See sectolass Map Editor).

Below are the user dialog and an example of applying this function.

Remove Singularities

Each singularly occurring class map color (feature)
will be replaced by the color of the feature with the
greatest abundance within the specified radius.
Singularities surrounded by imagery are not removed.

Image 'Six Class Map’ contains 6 classes | As the radius increases, the probability of
Radius (pixelsy: finding a singularity greatly decreases.
With a radius of 1, only the top, bottom,

left and right pixels need to be different.

i

T
W -
=i

(L |
L
[ g
A three times magnification of a portion of a The same subset after removing each
six class map as output from tG&assify occurrence of a single class surrounded by
function. There are 169 singularities within different classes.
this subset.
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Fourier Operations

Frequency domain filtering is initiated by selecting the nmfemctions->Fourier. The
dialog presented allows you to interactively change various filter parameters and apply them
to an image. The filter’s characteristic curve is shown within the plot window as sliders are
moved. The radii sliders represent the half magnitude point. The attenuation slider deter-
mines how sharp the filter is. All filtering uses the same scenario: select part or all of an
image, click thé=FT & PS button, select the filter type, move the sliders for the desired
effect, and click thénverse button to generate the filtered imadeourier is an operator
like gray mapping, it is unique to the front image window when it was selected. There can be
severalFourier operators, each connected to its own image. If an image represents data (see
Retain source... in sectionsRaw, Multiband andTIFF) the transform is applied to the
underlying data and the result is also a data type image.

An important visual key to interactive frequency domain filtering is the power spectrum
(PS). It displays the relative amplitude of the frequencies comprising the image. The center
of the power spectrum represents the lowest frequency with frequency increasing radially
outward. HyperCube shows the power spectrum as an image with the slider’s radii superim-
posed upon it. As you move the sliders the radii change indicating which frequencies will be
affected for the type of filtering chosen.

Fourier->WDC1K2 =)

O
HE
- () Low Pass (O Band Pass () Selection
(3 High Pass () Band Stop @ High Boost

0 =——WDCIK2

a 5.0

3]

Radius

Attenuation

Boost 1.0

o Cycles 128
[ FFT & PS ] [Options...] [ Inverse ]

- Fourier dialog withHigh Boostfilter

Z chosen and applied to the transform
Source image selection rectangle of the image at the left.

embedded in a 256x256 background.

0 =————WDCIK2PS 08

O =wDCIK2 INWI1=H B

_ The resulting transformed image selection
< 7 extracted from the embedded background.

Power spectrum of the embedded
image using log compression
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Fourier contains five slider controlled filters and one user selection filter. These are
defined as follows:

Low Pass

High Pass

Band Pass

Band Stop

High Boost

Selection

The image area to be filtered must be a power of two
sized square. HyperCube accomplishes this by auton
cally embedding the source image or selection rectan(
in the smallest power of two square image that will
enclose it. The border is set to the mean of the image
(selection) to minimize ringing in the inverse transform
All operations then proceed using the embedded imag

Attenuate frequencies aboRadius 1. Use this slider and

the Attenuation slider for desired response.

Attenuate frequencies beldRadius 1. Also useAttenuation

slider to shape response curve. Because the average brightness
is zeroed remapping (Options) must be chosen.

Pass only those frequencies between Radii 1 & 2. Radii sliders
select pass band, Attenuation slider determines sharpness.

Also requires remapping option.

Attenuate frequencies between Radii 1 & 2. The inverse of

a pass band.

Similar toHigh Pass. The boost varies from 1.1 to 9.9 and is
controlled by the second radii slider (label changd3otost).
Remapping should be used for data type images.

Attenuate frequencies within a user selection rectangle. Manually
draw a selection rectangle on the power spectrum image.

Fourier Options

[] Also paste inverse into original

[ Use bhinary filter cutoffs

b4 Remap inverse image display between:
& min & max
() 3stardard deviations

+ Log
Sqrt
None

PS Compression:

Lox

The result will be extracted as a separate image and may
be optionally pasted back into the source image. If the source is aps@uito color image
you will be directed to convert it to a true color copy using merage->Convert Image-

>|ndexed to Color.

TheFourier Options dialog shown above presents additional controls. The top check
box determines whether the inverse imalg® overwrites the original image patch. The
second check box changes the filter characteristic from a tapered one to a vertical cutoff. The
Remap check box works exactly as that in tlneage Arithmetic section and is a must for
high pass and band pass filters which zero out the fundamental frequency (image average).
This is also especially true for any images that represent dat@€tens Source...
checkbox in section®aw, Multiband andTIFF). ThePS Compression popup is used to
present a better display of the power spectrum.

[0 =——Fourier->WDC1K2 B [0 =——Fourier->WDC1K2 =l
{3 Low Pass ) Band Pass {3 Selection ) L. {3 Low Pass @ Band Pass ) Selection
() High Pass @ Band Stop  ( High Boost Typlcal characteristic () High Pass (3 Band Stop (3 High Boost
o r— curves forBand Stop B r—
, R left, andBand Pass , R
3_.‘_hltenuatinn rlght’ Fourlerfllterlng' 3_.‘_.“tenuatinn
I N — I N —
Radius 2 0.0 Radius 2 0.0
1] Cycles 128 o Cycles 128
[ FrT&Ps | [ options.. | [ Inverse | [ FrT&ps | [ options.. | [ Inverse |
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Mosaic

Two or more images can be fitted together to form a composite assemblage. The manner
in which they are joined can be uncontrolled by selecting conjugate image points on each of
the images or controlled by matching image points to a list of externally derived coordinates.
The geometry used to force the joining ranges from a simple orthogonal transformation to a
plane to plane projection. However, the transform must be the same for all of the images.
Mosaic is more general thaWarp (described in the next section) in that the end result is to
stitch images to a common geometry for a greater view whereas warp’s objective is to match
the geometry of one image to another.

Choosing thé-unctions->Mosaic menu, a dialog will appear with several scrollable list
areas. Only thAvailable Images list initially contains anything, namely all open images
that are candidates for mosaicking. Click on e&ehilable Images list name to highlight it
and click theAdd -> button to move the image name to thesaic Images list. Double
clicking anAvailable Images name will also move it directly. The order of selecting images
is not important. To remove an image from khesaic Images list click its name and click
theRemove button or double click its name, it will be returned toAlailable Images
list. Removing an image after starting the control point selections will remove all control
points. You are warned of this and are allowed to cancel the removal.

Once the mosaic list has been determined the program is ready to begin the control point
selections. Position the cursor over any image and shift-click the mouse, a colored numbered
reticle will be left there. Move to the conjugate position on another image and shift-click
there. This can be repeated until each image contains the same matching control point.
Subsequent attempts are disabled untiNbes Image Cntrl Pt button is clicked. This
permits selections for the next control point number. Each control point must appear on at
least 2 images before going to the next control pdidw Image Cntrl Pt is automatically
disabled until at least 2 images contain a given control point. Each control point does not
have to appear on each image, only on at least two. As each control point is chosen it ap-
pears in the lower left scrollable list. A point may be deleted my clicking on it and choosing
theDelete Image Cntrl Pt button. It will be deleted from each image it appears upon and
the remaining points will be renumbered. The number of control points determines the
degree of transformation (see sectivarp) that will be allowed and specifically, the mini-
mum number of control points appearing on two or more images. Therefore if two images
have only 2 control points in common then only @réhogonal transformation will be
available regardless of how many common points may appear on other images.

Unselected available

images. Data type ———— Mwmae——_—— | jst of images to
images may also be\\ﬂﬁ::lzle Images: -m—:} h:ulzlscalac Images: Hemﬁ‘ﬁ form the mosaic.
mosaicked together. woc d | [wocs |
_ - - External control has

TW(? Contrql points and (_New Image tntriPt_) ( nddesternaicatript )~ | Deen added so that
their coordinates that | [Ty m e F| L manzem ~F| | the mosaic can be
have been measured. i | | fitted to these
The image Chosen to b_t Control image: |2200 =7 \I Contl’0| pOIntS

. WDC a - M
the geometric control (beete boterne Lt \\

L{_Orthogonal ~] [(outiine) (Load...) (Save...) Edi
o it box.

Type of transform and<_||nt3?|riﬁ:|aartmn- ~] (options...] (Mosaic Extern |

interpolation.
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After all of the control points have been selected you can mosasic the images by clicking
theMosaic Images button or generate an outline showing how the images will be placed in
the mosaic by clicking th@utline button. This generates a colored line drawing image that
can be overlaid on top of the final mosaic usihgrlay Color... in theFunctions menu.
TheControl Image popup is used to select which one of the mosaic list images defines the
geometry that the remaining images are conformed to. The control image shape stays the
same and the other images are warped to its geometry using the Shlactetdmation and
type ofinterpolation. There are many options that determine how the mosaic is performed
and the most important one is whether to fit the images to the control image geometry or to a
set of externally defined control points.

The previous description was based upon the control image geometry. Any of the mosaic
images may be chosen as the control and it will appear “stationary” in the output. The
biggest problem with mosaicking to a control image is the cascading of errors: e.g. Image 1 is
the control and has points in common with image 2 which has points in common with image
3 but image 1 and 3 have no (or not enough) points in common. Then any errors between 1
& 2 and between 2 & 3 cause very obvious misfits between overlap boundaries because the
global least squares fit is to the control image’s geometry. A way to minimize the effect of
poor control points is to choose a good image as the control image and then only mosaic it
and one other image together, then save the resultant mosaic and restart a new mosaic opera-
tion using theadded image as the new control image (the current mosaic will generally have
black areas that would overwrite if it were chosen as the control image). This has the effect
of breaking the geometric fit into regions (more degrees of freedom) and results in a more
aesthetically pleasing final mosaic.

The alternative method of mosaicking is to fit each image to an externally defined geom-
etry where every image control point has a corresponding two dimensional coordinate such
as X and Y or latitude and longitude. The steps here are similar to the above. First, you
visually identify and select each image control point for which there is a known external
coordinate. Then enter each external control point by typing the control point number fol-
lowed by the two ordinates in the edit box and clickAdd External Cntrl Pt button.

Repeat for each control point. The input order doesn’t matter, the point number determines
the correspondence. A point can be deleted by clicking it (highlighting) and choosing the
Delete External Cntrl Pt button or edited by clicking it, correcting it, and choosingBH#
External Cntrl Pt (Add External Cntrl Pt automatically changes tdit... when a point is
highlighted). The final step is to choose @gtions... button and in the subsequent dialog

to select theéJse external control checkbox. Note that by toggling this option a mosaic can
be switched back and forth between image control and external control. See the later sec-
tions for all of the subtleties available with the various options.

WDC a Mosaic3 Dutline

The result of mosaicking
the two images in the
previous dialog 10 extern e ———_
control is shown on the |

left along with the outline
generated for the same
pair to the right. Note
each control point.
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Listed below is a detailed description of each ofiftosaic window controls along with
the possible options and their effect.

Add ->: Move the selected image from the Available images list to the Mosaic images
list. Double-clicking does the same.

Remove: Move a selected Mosaic image back to the Available list. Also may
double-click.

New Image Cntrl Pt:  Used to step to the next control point, is disabled until the current
point has been selected on at least two images.

Add External Cntrl Pt: After entering the external control point number and two ordinate
values in the edit box this button will add the point to the
external control list. When an external control point is selected
in the list this button changesHalit External Cntrl Pt and the
selected point appears in the edit box.

Delete External Cntrl Pt:  Any external or image control point may be deleted by
selecting it and clicking this button. It toggles to
Delete Image Cntrl Pt when an image control point is
selected.

Control Image Popup: Selects which of the mosaic images will be the control geometry.
If Use external control in the options dialog is selected this
selection has no geometric significance. In either case the control
image will always be the top most image in the mosaic, i.e. it
will overlay the others in common overlaps. See Options.

Transform Popup: The type of geometric transformation. See sedti@np.
Interpolation Popup:  What type of interpolation to use in the resampling.\Saep.
Outline: Generates an output image the same size as the mosaic images but only

shows the outlines of the individual mosaic images. Becomes enabled when
a mosiac is possible. Also s@gtions.

Load...: Load a previously saved set of external coordinates.
Save.... Save the current, if any, set of external control points as an ASCII file.
Options...:  Bring up the Mosaic Options dialog. See below.

Mosaic Images: Execute the mosaic operation.U$e external control is set in the
Options dialog then this button changesMosaic Extern.
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Selecting théptions... button displays the following user dialog.

[]Average pixels within overlaps

(default is use single image)
[ Display mini outline

(default is mosaic size outline)
[< Use external control

(default is image control)

@ Auto size external limits

1 Use external limits helow:

Hmin: |1 e73z
H mau:|36947:0

Y min: |211.0259

Y may: 4544374

The external control points shown
here were implicitly determined after
the previously shown example was
mosaicked. Becaugaito sizewas
selected the limits were computed by
the program so that they encom-
passed the entire mosaic.Ue
external limitsis selected then the
mosaic will be clipped to that exact
area ofX,Y min and max

Each option and its effect is listed below.

Average pixels.... Where the mosaic forms overlaps the control image’s pixel takes
precedence followed by the order of Mesaic images list. When
this option is checked all of the images within an overlap will be
averaged together to form the output pixel.

Display mini...: When checked th@utline button will generate a miniature instead
of a full scale line drawing. The mini cannot be correctly overlaid

with the Mosaic output.

Use external control:  The mosaic will be constrained (warped) to the corresponding
points in the external control point list in the Mosaic dialog.

Auto size... If selected then the limits of the external control point geometry will
be determined by the limits of the final mosaic i.e. by computing the
bounds of all of the corner coordinates of the individual mosaic
images. This is mutually exclusive witlse external limits... below.

User external...: You may input the geometric bounds limits of the external
control. The mosaic will be confined in output size to these limits.
Note, if Auto size is first selected and a mosaic performed then
returning to theéptions dialog will show the program computed
limits that enclose the entire mosaic. These can then be edited to
customize the output after selectidge external.
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Warp

The geometry of one image can be empirically modified to fit the geometry of another
image. You can force two completely different types of imagery, such as optical and radar,
into registration, combine them and thus produce a new product. The registration points, the
pixel resampling and the type of transformation used are all select@bhp.is the Hyper-

Cube function that accomplishes this.

After choosing thé&unctions->Warp menu, you select two images from the dialog
popup list of images. All single images, including 8 bit, true color and DTED/Data are
permissible. Using the mouse control points are selected alternately between the images as
follows: position the cursor on control point 1 of image 1 and click the mouse while holding
down the shift key, then position the cursor on the corresponding point 1 of image 2 and
shift-click, repeat until all control points have been selected. Each pair of points leaves a
cross hair mark behind, usually red on image 1 and green on image 2. The coordinate pairs
are listed in th&Varp dialog window where they can be edited or deleted. Either image may
be zoomed to help position the cursor. The number of points needed depends upon the
transformation, higher order requires more evenly distributed points.

The result of warping is a new image having the same size as the destination (->) image
and depth of theource image. Depending on the transformation there may be pixels in the
output image that have no correspondence in the source image, these will ligfisenage
value. Transformations are performed in a least squares fit manner to distribute the error
across the control points. TResidual button shows the mean error of the fit without
producing an output image.

Shown here is thé/arp dialog after selecting 40 corresponding points between a color
composite and a control band.

Select image fi—— Wwanp —————7/ Direction of warp
) Image 1: [ Color Composite_ v ] Warp: @1 ->2_~
Directs the user ~ D21 :
Image 2: [ Frames 5-8 ort... v | ] Cube Warp an entire
Instructions : Control Points: H
Orthogonal
Hffineg Shift-click a control point in 1 84 92 180 83 |oaded CUbe Image
. Nimage : "Color Composite’. 2 36 42 130 33
Ouadratic (4 terms) N 3 265 3@ Z6T 37
Quadratic (6 terms) To removye a point, select it 4 163 83 260 78
Ouadratic (8 terms) in the list and press the 5 70 193 1537 186
Cubic (8 terms) Delete button. 6 28 188 115 182 I~ . . .
Ui o 731 230 109 244 Click in list to select,
Projective 9 175 37 257 233 H
. J - 10294 193 390 197 then edlt Or delete-
Elght types available NJIransform: — 2
[N orthogonal ~v]  (Edit] (Del ] (Scale..] | Edit field
Jrest Neighbor Interpolation: ||70 193 157 186 -
ilinear .
Cubic ——————+ Nearesi Neighbor v | Off image value: |0 Or data value
Pixel resampllng (Load Pts...] (Save Pts...] [Residuals] [ Warp -]\\
Execute warp
O ==—=wWarpresiduals==HH ERN Datal EE
RMS residual: 1.38 Coefficients:
Cubic {18 terms} Cubic <10 termsi
Foint by point sx,y: H 11
1 T Residuals and coefficients| ————
2 +2,353172 +8.329308 (= 2 H0.0646  +1.0154
3 +1.197113  +0.592556 |= for the above example 3 00002159 -8 426e-05
4 -1.708344 -1.112335 . . 4 +0,0001078 -0.0001018
5 -1.578093 -0.209395 when theResiduabutton is | |z +oimoires -7.75e-0
6 -1.875208 -1.647491 & +2.051e-07 +1. 1592-07
7 +1.847127 -8.515350 H — ~
8 +1.507720  +0.050473 clicked. i lileeny SELTO
9 +1.330574  +8.452362 o | 9 -Z.14Be-07 +4,208e-0%
Z
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The transformation selected has a great affect on the shape of the output image. The
nonlinear transforms are very sensitive to the number of control points and their positions.
Some of the transforms along with their arithmetic are defined as:

Orthogonal: xs a*x + b*y + ¢ Affine:  xs a*x + b*y + ¢
ys = -b*x + a*y + d ys = d*x + e*y + f

Non-linear(s): xs a*x + b*y + c*x*x + d*y*y + e*x*y + f*x*x*x +
y Yy y g

ys = h*x + 1*y + j*x*x + k*y*y + 1*x*y + m*y*y*y + n
Projective: xs = (a*x + b*y + ¢)/(d*x + e*y + 1)
ys = (f*x + g*y + h)/(d*x + e*y + 1)

The orthogonal transform preserves shape, allowing only rotations and a single scale
change. Two points are required to define it. The second, affine, is a linear transform that
preserves parallel lines and is a generalization of orthogonal. It will transform a square into a
rotated parallelogram and is the most useful transform for registering two similar images.

The nonlinear transforms include cross product and second degree terms and produce curved
lines. The examples below show how sensitive they are to a slight change in the control
coordinates. Affine requires 3 control points, non-linear(s): (4,4,6,8) and projective: (5).

Three methods of pixel interpolation are possible: nearest neighbor, bilinear and cubic
resampling. Nearest neighbor is the fastest, it simply takes the closest source pixel and uses
it as the output. That is important if multiband imagery is warped and then used in a classifi-
cation as no new intermediate “fringe” classes are created. Bilinear interpolation uses 4
surrounding pixels to form a positive weighted average. Cubic also uses weights but some
weights are negative. This produces a slight sharpening in the output image and appears
superior to bilinear for natural images but produces ringing in artificial images that contain
discontinuous gray values. For scale changes between .5 and 2 bilinear and cubic interpola-
tion are almost indistinguishable.

The figures below demonstrate interpolation and transformation of —E'—

letter “E” warped to a duplicate of itself. The control points were pur-
posely chosen to be slightly different. In the last figure a control point
was edited to increase the mis-registration in order to show how great I I
chanae occurs in the nonlinear transformation.

m
-

Orthogonal, nearest neighbor. Orthogonal, bilinear. Affine, bilinear.

Nonlinear, bilin- Nonlinear,
ear using original bilinear after
control points. editing one
control point. ]

m
m
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Multiband Functions

Band List

Every multiband image has an associated band list that specifies the wavelength and
status of each band. This is necessary in order to correctly plot spectra and perform library
searches and comparisons. You can view a band list by selectingMViredaws->Show
Band List . A resizeable window with a scrollable list of 4 columns and several buttons will
appear. The columns display the band number, wavelength, band width and status for each
band. Except for band number, the items are editable by: clicking them, typing a new value
in the edit field and clicking thEdit button. Double clicking the band number (column 1)
will automatically load that band as a single image not connected with its cube parent using
the cube’s remapping stats. You mustlusad Selection in theWindows version in order
to load a specific band.

The band list is the window display of thevvl file described in theNavelength File
section. If a&.wvl (or older wav) file exists when the multiband image was loaded then
HyperCube converts and loads its contents into the band list*.Whdile may also be
loaded via thé.oad wav... button. By choosinghow Band List followed by a combina-
tion of editing and th®ptions... button, the band list can be modified as desired. It is then
saved as a netwwvl file via theSave wav... button. Usind-ile->Save or Edit->Copy
will include all 4 columns, see secti@Qopying and Sending Text to another Application.

Band list window controls have the following definitions:

Listcolumn: 1 Sequential band number, same as image cube band numbering.
If the band wasn’t loaded, i.e. only a subset of the full cube,
an asterisk appears after that band number. Double clicking loads
this band as a stand-alone image.

2 Band center wavelength in nanometers (must be increasing).

3 Band width in nanometers.

4 Status, if tlisabled” (no check mark) then the band is ignored in
spectral classifications, library searches and histograms. It will be
highlighted in red on spectral plots.

Erabled: 160 8006 run03_1000 Bands
fond rm Wi St Disablect Band nm Widlth Enabled: 160, Disabled: 50
¥ om0 - 4l I =
i 564.0 9.0 * i T i ~——
a¢ SO0 a0 ¢ 1 Dissblesl | Y o an ( pisableall )
M+ 570 a0 w g % v e
42+ BBAO 80 ¢ Revert | T 5B4.0 9.0 by ( Revert )
om0 100 - ; w0 00 Y (_options... )
4 BE0 00 - M a g?gg }gg . ﬁ‘
o mp oo | e I = ——
s e 1o - sl e i se0 2o v |v|CEdis
Load Selection | Edit> | |
TheWindowsversion has an explicitoad Mac version band list showing the
Selectionbutton, instead of double clicking. same selection area.
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Enable all ~ Set the status of all bands to enabled (check mark). Toggle
individually by clicking onStat (4) column entry.

Disable all ~ Set the status of all bands w@isabled”. Also toggle
individually as above.

Revert Restore the band list to the last loaded wave length file.

Options... Display theBand List Options dialog. Sets up various distributions
of wavelengths that can be edited. See details below.

Save wav... Save band list aswuvl file.

Load wav... Display a standard open file dialog and load*thel file.

In combination with th&and List Revert button,Band List Options allows you to
define a variety of enabled bands for experimentation. There are 5 options, the first 2 change
the wavelengths and the last 3 enable or disable bands. However, the 3 Enable/Disable
options will notenable any band that is currently disabled inBaed List.

Start & endis used to set a uniform
sequence of wavelenghtSeltais
computed.

Band List Options

Linearize wavelengths:

Start & deltais similar tostart & T ®uesunscn
endwith a user definedelta - O Use start & delta

Starting wavelength:  397.0

Ending wavelength: 2495.0

Only those wavelengths within t Wavelength delta: /A
interval values defined ilmage -> Band width: | 150 | times delta
Cube Color CompOSite -> Definitions Enable/Disable specific wavelengths:
are enabled () Use Color Composite Defs

L () Exclude Color Composite Defs

a/ (O Every n'th: M/A | enabled band
The complement of the above optierr, e ew i)

. Cancel )
i.e., theColor Comp Defsare disabled.

Band List Optionglialog.
The last of th& Enable/Disableptions:
Only enable every nth band that was already
enabled, e.g., a value of 2 enables every
other band currently enabled.
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Band Scrolling

Every multiband image is loaded into HyperCube so that you can easily scroll through
the bands in a movie like manner. The band scroll bar (buttons\Witigews version) is at
the top left of the image cube window and works like any other Mac scroll bar. The current
band number and corresponding wavelength are annotated just above the scroll bar as the
cube is scrolled. If a specific band’s status is disabled then its annotation is shown in red else
it is black. A specifikand can be given its own display window by scrolling the cube to that
band and then choosimuplicate from theEdit menu. It becomes completely seperate
from the cube. Any band, whether it was loaded with the cube or not, may be loaded by
double-clicking a band number in tBand List (see sectioBand List).

Band scroll bar, number and wavelength.

2 Frames 21-241_ hdr [0 =———Frames 21-2ar ——=FHIH

[+ [ * JBand: B4 of 63736 nm (464

Band 6 of 210: 796 nm

s

All controls except for
Band Scrollingoperate
in the same manner in
both versions.

Windowsversion. ac version.
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Flicker/Superimpose

While band scrolling permits traversing an image cube i
a contiguous fashion sometimes it’'s desirable to jump from
one band to another to compare differences. HyperCube
contains two functions that facilitate this. The first is the
Functions->Flicker Cube menu and is enabled whenever a
multiband cube window is front most and the secordicker/Superimpose which is
enabled whenever at least one image window is opkcker Cube differs fromFlicker/
Superimpose in that it is specifically for the bands of an image cube and is adjustable,
wherea$-licker/Superimpose is fixed to the two specific images (of any type) which drive
it (seeFlicker Image dialog below).

Flicker Cube creates a new window similar to the cube window but with three scroll
bars at the top which control the rate and the two bands to alteRi@ateer Cube is an
operator like graymap and if the cube window from which it is derived is closed then flicker
disappears. The current flicker image can be printed and also copied.

The figure below is the flicker window generated from the previous band scrolling
example. The flicker rate is nominal and some Macintosh models can not support the higher
rates. Alternation continues even if the flicker window is not the front most window.

Utilities Win
Flicker Cube
Flicker/Superimpose...

[0 === Flicker->Frames 5-8r=H B

Currently set
1 to flicker
between bands
60 and 69.

Flicker rate control ;

expressed in change
per second.
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The second flicker type functioRlicker/Superimpose, is more general in that it per-
mits any two image windows (and selection rectangles within) to be alternated between or
superimposed one on another as if viewing through a porthole. The images are selected from
two popup menus that appear whdicker/Superimpose... is selected from thEunctions
main menu. The images do not have to be the same size, the viewing window is sized to
their minimum. The image depth, i.e. 8, 16 or 32 bits, also doesn’t matter. If one of the
source images is modified such as by gray mapping or filtering then the change will be
automatically reflected in the view window. SimilarRiicker Cube, if either source image
is closed or rotated 90 degrees the view window will disappear. The window title alternates
between the source images wikdicker is chosen.

Below is the dialog in which you choose the two images and sefdictser or Super-
impose. If Flicker then the rate of alternation for flicker can be set. If the resultant flicker is
too fast or too slow close the flicker window and generate anotherSuperimpose
places a rectangular window (or inset) of the first image upon a base consisting of the second
image. This rectangle can be repositioned by clicking the mouse within it and dragging it
anywhere within the window dynamically superimposing image 1 upon image 2. To reverse
the ordering, reseleé&llicker/Superimpose and swapmage 1 andlmage 2 names in the
popup menusSuperimpose is most useful when comparing an image band with a classifi-
cation output image (see Products).

Flicker alternates between the = —eleot Flicker Images
two images where&aSuperim- BT R o TR b ST AT
i dth fint t. Click and
p_ose_dlsplays a _reCtanQU|ar ::g;nwith?natzeearzc;gn‘;rlzstu rel—cpu:illiun.
VIeWIng port Of Image l Upon O Flicker between images 1 & 2
|mage 2 @ Superimpose image 1 rect on image 2
Image 1: [ Sin_classes_CC... v |

Image 2: [ r49_g35_b18_r... v |

Flicker rate: |NHH per second

[ ok ]

= Superimpose Six_classes_CC_rot.tiff
F Va1 "

5, 4 hive o

Image 1Six_classes,.has been selected to super-
impose itself upon image 2, r49_g55 b18... The
resultant window is shown at left in which the
selection rectange can be dynamically moved about
the window.
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Constructing a Cube

HyperCube can generate a new image cube from existing imager #sge coior-.
the same spatial size having various pixel types (e.g., byte, short, lo
float for mono and byte for color). Any image is a candidate includin_ cemplement
bands of an existing image cube. However, the new cube must be g coiortons.
the same kind, either mono or color. Construction involves two step
selecting the first band which determines the spatial size and adding_'mage toMask...
subsequent bands to the cube. As new bands are added the pixel ty uistequatize
the cube automatically changes to accommodate the maximum NUN| oepar components

H,S,1to Color...
Indexed to Color

Color to R,G,B

Color to Indexed
Replace Gray...

Grayscale

Hist Equalize (ea.color)

of bits/pixel required. Any candidate images should have been Ioad

with theRetain Source checkbox selected or else you will just be Color Table 4

getting the 8 bit display values being added. HyperCube can also directly convert a true
color image into a 3 band cube (see second method below). After the cube is complete you
can save it via menkile->Save As... .

Here is an example of the steps required to produce an N band image cube from existing
individual images:

ouhwnNE

7.

When converting aolor image, an additional dialog is Window ‘Alcyone: can be converted
presented asking whether to directly generate a 3 band ¢ into a complete 3band (BGR) image
or the first band of a synthethic color cube as shown in tl synthetic color cube.
following dialog.

New bands may also be added to existing image cub

Click on the first image component. This will become the first band.
Choosdmage->Convert Image->Plane to Cube submenu.

Click on the second component.

ChooseéAdd to Cube.. in Image menu. This is now the second band.
Repeat steps 3 & 4 for each additiooahd.

SelecWindows->Show Band List menu and manually set up any
wavelengths for each band (the default will be band numbers).
Choose menkile->Save As... and selecMultiband to save the cube.

cube or be the first band of a

[ color cube | [ cancel] |[ BGRcube ||

and if there is more than one cube window to which an

image can be added (same spatial size) then the following dialog will appear after choosing
Add to Cube... . The popup menu contains a list of same size cubes to which the image can
be appended. Select the desired cube and click OK.

Select the Cube in which to insert the currently
active Image. 0Only Cubes with the size of the
Image are shown.

Cubes: Cubel

The dialog produced when Add to Cube
has more than one possible destinations.
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Color Composite

HyperCube provides a direct function to constru="; . .awaveiengtn
a true color image from a SpECifiC cube. nge [ de ooy Specific Wavelengths
. . Interval Wavelengths
-> Cube Color Composite menu item allows the Definitions...

user to automatically generate a true color image for

the currently active (front) image cube window and to link it to the cube for point selection

and classification (see sectidBpectral Plots andClassify Functions) breaking any

previously linked color image. Two methods are provided via a subr8eeuaific Wave-

lengths andinterval Wavelengths. The former finds the three closest bands to the wave-
lengths set in thBefinitions... menu (see below) and the later integrates over three spectral
intervals to generate the color components. In each case the data is extracted from the image
file. Disabled bands (sé&and List) are ignored so it is possible to have a null interval and
HyperCube will warn you if this occurs. The resultant color image is correctly mapped so as
to retain the original brightness relationships, i.e. the red, green and blue are normalized as a

group.
o e Composite Color Wavelengths
The initial wavelength values for the e -
. . Enter/change the specific or interval Red, Green and Blue
SpeC|f|C Wavelengths 0pt|0n red’ green wavelengths. Histogram Equalization produces a non-linearly
distributed color image. Remapping maintains the linearity.
and blue component bands are 646, 545
. Red: [646.0 Red interval: |600.0 to (700.0
and 460 nm (Oﬂm) respeCtlvely' These Green: [343.0 Green interval: | 500.0 to (6O0.0
correspond to a set of Kodak® color Blue: |460.0 Blue interval: [400.0 | to [500.0
separation filters and may be changed by O Joe ity b o
selectingimage->Cube Color Compos-
. - . (Cancer) Remap: [58.0_] % )
ite->Definitions. This produces the user

dialog shown on the rightinterval
Wavelengths options are similarly entered specifying the spectral range of integration to be
used to form each color component. Remap % determines the area about the median of
the composite histogram that will be remapped to the [0,255] for each color. A good starting
point is 98%. Use histogram equalization performs a nonlinear stretch of the components
and is useful when the image cube has an asymmetrical histogram. Any edit changes made
are global and affect subsequent cube color composites but revert back to those shown once
HyperCube is exited.

If Edit->Options->Detailed Messages is checked then theomposite histogram of the
three bands is generated. This is similar to the histogram described in Seatistics
except that it represents only the three bands or band intervals. A typical composite histo-
gram is shown below.

EC== Bands r49,935,b17 Statistics .
— o F— Bands 49, 35 and 17 were automatically

MeniGe7l  Shi4gan  Feromt SO0 selected from the active image cube file to
form a composite color image. The histo-
gram highlight represents 98% of the data
in these 3 bands. File values between 14
and 223 will be remapped to the display
= Bands 143,635 617 Histogram i range of [0,255] for each color.

coords: (1,13 -01,1], bands : 0--1
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Spectral Plots

Two methods of plotting spectral vectors from a _ o
. . . . TG Utilities Windows  Help
image cube are provided: statically ¥Aanctions- Flicker Cube
>Plots->Spectra(Selected Points) or Functions- ;'t‘:t"i‘:;’:s“"”"""““i"
>Plots->Spectra(Dynamic) as a function of the
cursor position. The former, described here, allows| arithmetic.. e e )
to 64 points to be plotted along with library signatur agecensy .~ » scatter..
superimposed upon the same plot Spectral Clas- Classify... scaling...
sifications section). The later allows the simultaneous
display of the closest matching library signatures to the current cube vectDyy(seuic
Displays and Plots in Spectral Classifications).

Points are selected by positioning the cursor and clicking the mouse while holding down
the shift key. This draws a numbered colored cross hair on the cube fadeloffivendow
need not be open when points are selected and if no plot points exist Rio¢rvandow is
opened it will contain a message indicating what to do. If the wavelength file is incorrect no
plotting is possible and tH&lot window will contain a warning to that effect. Having the
Info window open while you select points facilitates the process by dynamically showing the
spatial coordinates. As points are selected they are graphedlotiendow along with a
color patch used for toggling them on and off. The number of color patches that can be
toggled is determined by the size of Blet window, resizing the window (lower right grow
icon) displays more patches. All of the points can be erased at one time by ckesing
from theEdit menu or selectively in th€lassify dialog. When the cursor is positioned over
a staticPlot window the spectral and reflectance coordinates will be listed in an opgoed
window.

The statidPlot window contains several controls for customizing the plots: three check
boxes, a standard button and dynamic colored push-buttons that toggle on and off their
matching color plots. Cube bands that have been disabled in the wavelength file have a red
highlight superimposed on them. Controls have the following definitions:

Scale: Rescale the vertical plot axis between the minimum and maximum of
all of the vectors. Otherwise, the minimum and maximum will be set
to the arithmetic range of the pixels.

[0,1]: Change the vertical axis labelling to the range [0,1] and map the plotted
values to it. Also seBcaling... example below.

Hide Bad: If checked then suppress the plot wherever a band has been disabled.
See sectioBand List.

Clear Lib: Remove any superimposed library signatures.

The dynamidPlot window is similar but does not have toggled points (see sdotion
namic Displays in Spectral Classifications).

Plot->Color cube BIL

Enter new minimum and masgimum y

- 1 I i I axis limits to replace those in the
Metogram ——— When a plot window is activi&caling T o yehiace those
spectra (Dynamic) may selected from tH&lotssubmenu
scatter.. to produce a dialog window which wil| Min: |0.00

rofile Max: | 1.9

result in[0,1] changing td0,1.5]
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EEI

Plot->datala =—————11

3935
¥

0.4Z4

0370

0.306

0.242

0.051

0179 /

0.115 ;:f"':
— ——

[ Scale

434

498

E 0,11

562 626 689 733 87
Yavelength {nm}

[ Hide Bad i

Four spectral plots from the 70 band

image shown at the right. Each number
corresponds to the numbered cross hair
in the image. Several bands at 750 nm
have been disabled in the wavelength file
due to a sensor error. These points may
also be selected from a linked red, green,
blue composite image constructed from
cube bands (see secti@omponents to

Color).

EE

Plot->run03_1000 =————F"=

646
¥

1.000

0.833

0.500

0.000

My

o

O00NENOONEC N
LI - - B ]

L=
N

N,
et

397

T47

[ scale [[0,1]

1096 1446 1796 2145 2495
wavelength {nm}

[ Hide Bad &

=[lI=—— dataBa ——=—[03]

Band 40 af 70: 650 nm

A different image cube spectral plot after
resizing to show all of the corresponding
color patches. Numbers 2 and 11 have been
toggled off. Becauddide Badis checked,
plots within the two major water absorption
regions are not drawn (disabled in tBand
List). The correspondence between a point
number and its color may be changed using
the Color Selectoitem in theOptionsmenu.
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Changing Selection Point Colors

When HypeCube is launched the correspondence between a selection point number and
its color is set from an internal default table that will be used when plotting spectral signa-
tures and classifying (s€&&oducts in Spectral Classifications section). The color se-
guence is arbitrarily repeated in groups of 10 with each group slightly different in value.
Therefore, although points 1, 11, 21, 31, 41, 51 and 61... appear as the same red, they are not.
The point # to color correspondence can be customized at any time by choosirfgdienu
>0Options->Color Selector. Up to 1024 colors may be uniquely redefined. When a change
is made all windows using selection point colors will be updated to reflect the change. Clas-
sify output products that have already been generated will not be changed (Overlays and
Maskswill use the new color on a subsequent classify). However, products can be reas-
signed colors and labels after the fact by using ni#tiities->Color to Name Editor (see
Dynamic Displays and Plots). A color that has been copied to the clipboard can be pasted
as the selected color (see sectimpy, Paste & Duplicate). Also, seeClassify->Options-
>More Options->Use source spectra color in sectionMore Options as an alternate
method of specifying class map colors.

EEI

Color Selector

Color patch #30 has been selected and the sliders

Click a color, adjust sliders and Apply
4 6 7

1 ] A
N EEEEE N adjusted to a new color. The components of each color
OO S & B O @ N are shown to the right of the sliders and range from O
17 18 19 20 21 22 23 24 .

EE 00 NEDMNDMO to 255. You can not select a gray value (i.e. all three
25 26 27 28 29 20 £ 32 . .

O B EOQO®NGDD colors with the same value). T8electorwill auto-

(spec G0) ] (Range (1:300 ) | matically modify the blue value to be different.

Red[ " TIT J19s
Green[ [ |90 H:\ Current palette CO|OI’

Bue[ T 178 [
(Default] [Load...] (Save...] [Set Patch) New palette color.

To change a single color click on its patch to highlight it (a small frame is drawn around
it) and adjust the three sliders for the desired color. The top half of the palette shows the
current patch color while the bottom half of the palette changes to show the new color.

<--, > These buttons are used to navigate through the 1024 colors moving
fowards and backwards 32 colors at a time.

Spec (N) Generate aainbow spectrum in the firdt colors ranging from red
through yellow, green, cyan and blus.is the currently toggled color
patch. If no patch is selected thgmwill equal 1024.

Range (1:N) Generate a smooth range of colors between the colors in patahes\.
If no patch is toggled then 1024 colors will be generated.

Set Patch ~ Change the patch color to the new palette color and update all windows.

Default Change the selected color patch to its original HyperCube launch color
and update all windows. If no patch is currently selected, a dialog
appears asking you if all patches are to be set to their defaults.

Save/Load... The current color key correspondence is saved/retrieved to/from an
ASCII file. The output is the same format used inGloéor to Name
Editor, i.e., red, green and blue values followed by a name which in this
case is the index number. The default file extension is “c2n”.
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Spectral Libraries

Format

The HyperCube program currently recognizes a spectral signature format developed at
TEC for the recording of field and laboratory spectra as well as a simple list of wavelength
and value pairs. One signature represents the spectra of a single material. A set of signature
files constitutes a library of materials. The various signatures belonging to a library do not
have to be related in any manner, they are often grouped together to correspond to a particu-
lar sensor run.

The format of a TEC signature file is very straight forward: a small header followed by
an ordered set of linearly spaced reflectances. All of the elements are in ASCII text and can
be easily edited in a word processor or spreadsheet application. Almost any ASCII text file
can be read, edited and resaved in HyperCube, including signature files (seeEshttign
Text Files underMiscellaneous).

A library is a text file whose elements are signature file names, i.e. a library contains no
data except file names. The library file and all of the signature files must be in the same
folder. A large (several hundred) library file can be initially generated by using the Finder to
select and copy a group of signature file names from View by Name and then pasting the
names into a document window of a word processor. There is a Finder limit of the number
that can be selected at one time and this may need to be repeated.

The relationship between the library elements is depicted below:

Each spectral signature, regardless of size, uses the following format:

! ASPECDAT1 FE
JUOH19E 005 413 ftems 7963 ME in disk  25%.3 ME availabl junl SatR. 006
JUOH19E 006 —_ [ = =]
JUOH19E.007 % B B 350
JUH198 003 Alibrary Tk JUNT9EO0S JUNTSEO0S JUNTSE 007 2500
JUOH19E.014 5
JIOH19E .0l ]
JUH19E 017 JUN19E.0T6 JUNTSE.O1T JUNT9B.O1S JUNISE.O1S ]
JIOH19E.012 L, ]
JUH19E.019 o
TUHI19E 020 JUNTSE.0ZZ JUNZOADO! JUNZOA.O0Z JUNZOA.O03 0
JIOH19E.021 3 3 3 3 Q.091972
JIOH19E 022 3. 408374
TR E0A 001 JUNZOA.006 JUNZDADOT JUNZOAO08 JUNZOA.009 [ O AY20EE
JUOH 204 002 k2 B 3.895409
JUOH 204003 1059718
JUOH 204004 . .. 11.535289
JUH 204,005 A window of the folder consisting of 412 spectral 1z g4z17
JUOH 204 006 i i H i H H 14.70555
T a0 a0 S|gn§1ture files a_nd the !lbrary flle!!,!lbrary.llb._ P
JUH 204008 Portions of the library file and a signature file tex| 21.18135
JUOH 204009 . - 25,1871
N0 010 are shown at the left and right respectively. c £168d
JOHz204.011 2534678
JUOH204.012 22.10357

Alibrary.lib file with an
entry for each signature
file name.

This spectral signature
file contains a total of
431 = (2500-350)/5+1
reflectance values.
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Line: Parameter: Example:
1 File name junl9atR.018
2 Spectrum number 18
3 Starting wavelength (nm) 350
4 Ending wavelength (nm) 25001 jnes 3,4 and 5 implicitly
5 Wavelength increment (nm) determine the number of
6 Scan index number (hr) reflectances.
7 True solar time (hr)
8 Solar azimuth (degrees) 0
9 Solar azimuth (degrees) 0
10 -- not used -- 0
11 First wavelength reflectance (%) 11.15
12 Second wavelength reflectance (%) 11.05
N N-10" wavelength reflectance Hit HH
438 428 wavelength reflectance 25.27
439 429 wavelength reflectance 26.61
440 430 wavelength reflectance 0 These last two measurements
441 431" wavelength reflectance 0 are filler in this example.

For TEC format spectra HyperCube only needs the information in lines 3,4 and 5 plus
the reflectance values.

An alternate format of a spectral signature is simply a list of wavelength and value pairs.
The wavelengths and values can be in any units as long as the wavelengths are increasing.
Each pair should be space or tab separated followed by a carriage return. HypeCube deter-
mines the format of a spectral signature by first trying to parse it as if it were in the TEC
format. If that fails it assumes it is wavelength, value pairs. An example of the later is
shown below.

3099000000 O.023000
Wavelengths/ 402 . 000000 0. 027000 Values
405 . 000000 0. 018000
408 . 000000 0.023000
412.000000 0.021000
415.000000 0.024000
419000000 0.023000
422000000 0.028000
426 . 000000 O.027000
429 .000000 0.029000
433.000000 0.033000
437 .000000 0.035000
440.000000 0.034000
444 000000 0.025000
448 .000000 0. 036000
452 .000000 0.039000
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Plotting Signatures

Viewing a spectral signature requires first opening a library by cho@gpeg As...,
(Library) from theFile menu. This brings up the standard Mac file dialog showing only text
type files. Select the library file containing the signature naidsdry.lib in the examples
so far) and cliclOpen. A new sizeable window containing a scrollable list of the signatures
within the library will appear. Click on any signature name, s@ttSelection and a
subsequent window, also resizeable, will open showing a list of reflectances with the corre-
sponding graphical plot. The average of two or more signatures can be plotted by double-
clicking the desired signatures, settiwgerage selections and then th@lot Selections
button. Double-clicking an item toggles its checkmark on and off.

/

EM== flibrary.lib =FF EN JUN20B.049 Spectra FE

Double-click to toggle
Items selected: 1

W "length Reflectance JUNZOE 049

0.00

30

1.00

Double-clicking an
item toggles it on so
that an average of
all items with a
checkmark can be
plotted.

1245
1250
1255
1260
1265
1270
12735
1280
1285

06183
06152
06137
0.6254
0.6232
0.6210
0.6202
0.6229
0.6220

53 JUMZOE . 046
S6 JUM2O0E . 047
57 JUMZOE. 042
¥ 52 JUMZO0B.049
59 JUNMZOE . 050
60 JUMZOE . 051
61 JUMZOE. 032
62 JUMZOE.052
63 JUMZOE . 054

0.75 W

0.50

0.25

288 1425 1962 2300

[&]

[ Scale 104

[]Average selections

Plot Selection
[}

Scroll to each signature of interest,
click on it to highlight it, and then
click thePlot button.

The corresponding signature to the
library list after clicking in the graph at
the 1265 nm position.

Spectra plots have two check boxes that affect the appearance of the grafleal&€he
option toggles the vertical axis (reflection) of the plot range. If unchecked the range is fixed
to [0,1] else it is set to [min,max] of the reflectances of the viewable graph. The second
check box,10X, expands the horizontal axis 10 times centered upon the current spectral
marker, if any. Clicking within the graph area sets the marker and forces the list to scroll to
the corresponding wavelength. Conversely, clicking the list sets the marker within the graph.
Spectral plots may be printed by chooshirgt... from theFile menu and a snapshot of the
window can also be copied to the clipboard. The list contents can be written to a file in the
form of a library (see section Spectra Libraries) by sele@mg from theFile menu or
copied to the clipboard viadit->Copy.

EEI

w'length

1243
1230

INZIEL L oGt B1 __ Line 1 of the signature file.

—

Reflectance JUNZOB 049

06188 nes

06192

1233
1260
12635
1270
1273
1230
1233

06197
06254
06232
06210
06202
06233
06230

0E&7

0.64

081

059

m’h‘\ Click within the graph to set the

wavelength marker; the matching

[<] Scale

165

[ 104

1218

list element will be highlighted.

1375

=

1270 1322

The previous spectra plot example
repeated with both check boxes set.

Click and drag icon to resize.
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Superimposing Signatures

If HyperCube is running in system 7.5 or higher then the Mac’s “drag and drop” feature
can be used to overlay signatures on a common spectral plot. First open a multiband image
and choosé&unctions->Plot->Spectra (Selected Points). Then click the mouse in a
signature plot and while holding down the mouse drag the rectangular outline, which will
appear, over the spectral plot graph and release the mouse. The signature will then be
plotted in black superimposed with any selected cube points and will have its own toggle
button. Up to 8 signatures can be “dropped” on the spectral plot window. The signature will
be re-sampled to match the range of the multiband image.

EE=————— JUN21B.060 Spectra =———015
W length Reflectance JUNZ1B.O&0
350 0.0619 e -_———
=] — - PV E
355 0.0615 El=————— Plot->runli_1000 = FE
360 0.0569 646
265 0.0558 e . o0 ¥
370 0.0605 - X . W
375 0.0565
220 0.0520 | | 0.833
385 0.0564
250 0.0546 ! Drag \:\ 0.667
3 ~——|

: T
350 888 1425 1962 2500
[JScale [ 108 I 0.500
! [&] 1
| T 4 0.533
0167

0.000
397 747 1096 1446 1796 2145 2495

YWavelength {nm}
Clear Lib

0 =——V Plot->run03_1000 ————=—=0 & O scale [ [0,1] [ Hide Bad B
1008 H e Click and drag the outline of tigpectragraph
0858 over top of thé®lotwindow and release. The
e | signature will be plotted at the same scale and
o T\f&a\ resolution as the existing image cube vector
s plot as shown in the composite at left. Note
0.000 =~ that a toggling buttonl.1, has been added to
T M eonath amy the plot for the dragged signature.
Cscale [A[0,1] [ Hide Bad B
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Spectral Classifications

Algorithms

Spectral classification is the process of segmenting a multi or hyperspectral image into
regions of similar spectral statistical characteristics or of finding the best match between
pixels given a specific metric. HyperCube is designed to perform both. For example,
Mahalanobis classify uses previously extracted statistical classes and decides which class,
if any, a pixel belongs to, where¥sctor angle directly compares image pixel vectors with
selected pixel vectors. The criteria of a match is the closeness of the comparison. This is a
function of the algorithm used to define the closeness and HyperCube provides several from
which to choose. No one algorithm is always better than the others. Some are very sensitive
to noise, e.g., Mahalanobis distance, derivative difference, and others, e.g., Euclidean dis-
tance, are not. The best technique is to experiment.

Listed below are the algorithms from mdfunctions -> Classify along with their
arithmetic definitions. Summation extends oveeathbled bands (s&and List).

Abs diff 2 abs(reference - signature).
Corr coef Covariance(reference,signature)/(sd(reference)*sd(signature)).
Deriv diff 2 abs(delta(reference) - delta(signature)).

Euclid distance Sqri(Z (reference - signaturd)

Fourier Compare corresponding harmonic terms. Gpgons.

Fourier (no DC) Same agourier excluding the zero (average) harmonic.
Fourier phase Compare only the phase of corresponding harmonics.
Fourier phase delta Compare the phase differences from harmonic to harmonic.

Kmeans Unsupervised classifier that segments an image into a user
specified number of classes.

Mahalanobis classify ~ Statistical difference between each image vector and the mean
vectors of a set of covariance matrices.

Mahalanobis distance Statistical distance beween reference points and image points.

Mahalanobis list A listing of the statistical difference between reference points
and the mean of a set of covariance matrices.

Matched filter abundance Generate a gray shade output image consisting
of projections of the source data against a constructed
matched filter of a signature(s).

Matched filter mask Generate a mask over the image cube wherever the
abundance exceeds a set tolerance (see description
on next page).
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Template Max(abs(reference - signature)). Useful for finding very
similar signatures.

Vector angle N-dimensional angle between reference and signature.

Closeness is defined differently for each of the algorithEngclidean distance uses
minimum as the criteria whereas tt@relation coefficient approaches 1 for the best match.
This is automatically taken into account by HyperCube but it is not possible to equate the
numeric values of one method with corresponding ones in another method because the
distribution of each method is totally different.

It is important to remember that a classification extends only upon bands whose status is
Enabled in theWindows -> Show Band List and is spatially confined to any selection
rectangle. Th&and List makes it easy to test the contribution of a given band by running a
classification, enabling/disabling the band, and rerunning the classification to see the effect.
Any statistics required by the algorithm will automatically be recomputed.

Specific Algorithms

Matched filter abundance does not use a tolerance, instead it directly generates a data
image where each pixel has a value approximately in the range ~[-2,2]. Itis possible to have
numbers greater than 1.0. If the pixel used as the matched filter signature is also part of the
classification region then it will have a value of exactly 1 at its position within the output
image. The matched filter and abundance are defined as:

matched filter = (cov} (signature-m)/((signature-mjcov)? (signature-m))
abundance = inner product of each data vector minus m and the matched filter.
where:

cov is the NxN covariance matrix of N bands of imagery

m is the Nx1 mean data vector

signature is the Nx1 pixel vector, N being the number of enabled bands.

WhenMatched filter is chosen as the classifjethod the program must first compute the

band to band covariance of the enabled file bands of the image cube or the corresponding
subimage selection rectangle, if any. The determination of the statistics regio@liassvia

sify -> Options -> Stats Region (seeMahalanobis description, next). The computation is

done once and the covariance matrix remains the same even if the current selection rectangle
is moved or a different selection rectangle is drawn. This allows the statistics for the covari-
ance to be generated for an image region other than the area chosen for the matched filter
classification region. To force a recomputation of the covariance clivassfy -> Op-

tions -> Redo stats. Also, changing the state of enabled/disabled bands in kivamlows -

> Show Band List will cause a recomputation of the statistics on the next classify.
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Mahalanobis distance is a generalization dEuclidean distance that uses the statistics
of the imagery. Specifically, tfdahalanobis distance squared between 2 vectors, X and
Y is defined as:

D=(X-Y)" (cowy!(X-Y)
where:
D is the resulting scalar (i.e., 1xN times NxN times Nx1 matrices)
X and Y are each pixel vectors of length N

(cov)'1 is the inverse covariance matrix of N bands of imagery
and N is the number of enabled bands.

In HyperCube, X and Y are defined by the various Mahalanobis classify methods as:

Mahalanobis classify - X is each image pixel vector.
Y is the mean pixel vector of the region used to generate
a covariance matrix. There can be one or more regions, each
producing a mean vector and covariance matrix. Classification
involves computing the Mahalanobis value of an image vector
for each region and choosing the region (class) with the
smallest value within a user supplied tolerance. Selection
points are not used. Regions are defined by user selection
of a mask image i€lassify -> Options -> Stats Region.
The statistics (covariance) are automatically generated by
HyperCube based upon the mask definition.

Mahalanobis dist - X is each image pixel vector.
Y is one or more selection points.
The image statistics are the same as definelllébralanobis
Classify except that the mean vector is not used and only
one statistical region is used. This produces the statistical
distance between one or more selection points and an image,
not the distance between the statistical class mean and image.

Mahalanobis list - Same mathematics Mahalanobis Classify except selection
points are used and the output is a numerical listing
showing each selection point’s distance from the mean vector
for each of one or more classes.

e oe Pt vs Mahalanobis Class.txt

1 131144 PI2.965 165.883 236.497 193.263 4833.32
2 1839.7 154.981 2889.17 341Z.1 235.619 12532.3

3 223.543 5375.85 122.186 156.473 8@6.327 11731.Z
4 643.618 8368.39 355.687 173.878 1574.57 Z@8819.9
S 115.282 195.49 Z226.876 288.34 97.08784 4691.59

6 815.886 039.643 012.857 7956.453 730.64 66.8339

A

Six selection points and theé\fahalanobis
value for each of six statistical regions.
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The image area used for computing the covariance matrix depend€lagsify ->
Options -> Stats Region. This displays the dialog shown below. There are 4 ways to

Use every pixel within the image or selection rectangle. Statistics Region

Define the image area(s) to be used to

Skip image pixels wherever the mask has a Zem\u}Q B
ce

image pixels wherever mask is not zero. Produ Directly: _
single covariance statistics class. S L e

Indirectly via an image mask defined as:
) Two states: zero(0) and non-zero(1)

ini i i I i — () Two states: gray(0) and color(1)
Skip image plx_els whe_rever the mask is gray (including— B
zero) and use image pixels wherever mask is color. Als
produces a single covariance statistics class.

| Select Image Mask... |

{ Cancel ) oK)

Mask must be a class map (sectiorage Produc)s
Each color class produces a covariance statistical class.

define the regions. The first type computes the covariance statistics using all of the pixels
within the image cube or a portion of the image if a selection rectangle is present. The
remaining three methods are also based upon the entire cube or a portion but do not necessar-
ily use every pixel. Instead, the pixels used for generating the covariance statistics are
determined by an intermediate image mask that spatially matches the image cube (or current
selection rectangle). A simple way to generate a class map image mask for the fourth method
so the currently displayed sequence band face is used as the selection mask (additional
information below).

Statistics are automatically computed whenGlessify button is executed (section
Classify Function) if there has been any change in @lassify -> Options -> Stats Re-
gion -> Select Image Mask selection. They remain in effect so that a different area on the
image cube can be used for classification based upon the same statistics. Also, any enable/
disable change in a band I{see sectioBand List) will cause a re-computation of the
statistics. ButtoiClassify -> Options -> Redo stats forces a re-computation and is useful
if the selected image mask was generated as a class map sequence (s€elassifipn
Options). Then the current sequence class map is taken as the sequence cube face and can
be used as follows: Select a new fdgedo stats, and therClassify to see the effect of a
mask change within the sequence (saves having to repeatedIZigssdy -> Options ->
Stats Region -> Select Image Mask each time the sequence face is changed).

Some additional considerations: the convariance matrix is very sensitive to noise. Noise,
being defined here, is anything that is not representative of that class. Even a single outlier,
such as striping in the image, will skew the statistics and produce a non representative covari-
ance matrix. If the imagery is noisy then try using fewer widely spaced bands (see section
Band List). If a two state mask image is selected or in uséMatthlanobis Classify or
List is chosen as the Classify method then the outputs reduce to one statistical class.
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Kmeans is an unsupervised classifier that does not use any selection points and requires
minimal input. The algorithm segments the image into n classes by initially guessing the
mean vectors of the n classes. It then scans the image and determines (using one of the three
classification metrics listed below) which class each image vector belongs to and a corre-
sponding set of new mean vectors. This procedure is repeated until the number of image
vectors that changed classes is below a certain minimum or a maximum number of iterations
has occured. The number of classes and both termination criteria as well as other parameters
are user selectable. Choosfagtions in theClassify dialog while the classifilethod is
Kmeans displays the dialog shown below (note: @gtions dialog associated with
Kmeans is different from the options shown for the other classify algorithms).

The number of desired classes is limited to 500

or less. The actual number of classes generated

may be less than the number requested. Use K-means Options
menuFunctions -> Plot -> Histogram] the K-means estimates the class mean vectors

and then repeatedly updates the means until

CIaSSify Output to list the Classes\ max iterations or convergence.
Enter:

[— Mumber of classes: 16
A Progressvindow dynamically displays the——1  Maximum # of iterations:  |5q|
iteration count and the number of class Convergence # of changes: 0
changes. When the number of iterations ™ Collect iterations into a sequence
. . # Plot final class mean spectra
reaches this valuEmeansclassify stops and Sl Sorve Tt clans AN E pectrE s s by
outputs the results up to this point. Classification metric:

() Correlation coefficient
@ Euclidean distance
(O Vector angle

When the number of class changes is less than or
Use final class means as class colors:

equal to this value classify terminates. ) Natural
ESaturated

{ Cancel ) € oK )

Remaining options:

Collect iterations:  Each iteration (classify) is assembled into a class cube that can
be scrolled to view the convergence sequence.

Plot final class... Each mean vector forms a spectral plot window.
Save final class... The final class mean vectors are saved as a spectral library.

Classification metric ~ The algorithm that is used to determine which class an image
vector belongs to by comparing it the mean of each class.

Use final class means as class colors:
Natural - Determine mean class colors directly from mean vectors.
Saturated - As above, but saturate the color.
Yields an n class true color image.
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Classify Function
The HyperCube vehicle for spectral classifications is initiated by [Functions NL RN

choosing thé-unctions->Classify menu and is available whenever a e e mpOse..
cube or a linked color band composite window is front. Each image [ statistics ,
can have at most ori@@assify window. A classification scenario has Plot 4
three basic steps: decide on the signature to be matched (what to 1 gyeriay corar..

for), choose the search domain (where to look), and pick the method__A%aceney 4

to look). The output product is determined by the domains and numﬁm
options. The simplest classification is to shift-click on a point in the L fHnetresk:
image cube window, double-click on it in tBéassify list, choose one or more neighborhood
points and generate an overlay image of the cugBeatch Domain cube face band using
Vector Angle as theMethod. This is the default setting of tli#assify window and does
not involve a library. AClassify window is logically connected to its image cube and closes
when the cube window closes.

As you select cube points their coordinates are added @dksify list. These points
are then used to reference one or more surrounding neighborhoods from which you can
toggle one or more signatures to be averaged together. The list coordinate is the central pixel
in the neighborhood and has the same color as the cube selection point reticle but with a
transparent interior. It is also the same point that is graphed if a plot window is open (see
Spectral Plots). By clicking the mouse within the neighborhood, points may be added or
removed from the signature mean. Shift-clicking adds or removes a rectangular region
between the shift-click and lasbn shift-click point. Any combination of neighborhood
points is allowed. If more than one pixel is toggled-on then their mean is formed. Multiple
neighborhoods are selected by double-clicking each list point number. Clickidpthe
Mean button produces a graph of the resulting signature and this graph may be superimposed
upon an open spectral Plot window (Sgerimposing Signatures).

The neighborhood image is generated from the band currently shownSigrlagure
cube window and therefore will change as the cube is band scrolled. However, if a linked
color image has been constructed from cube bands (see s&impsnents to Color and
Color Composite) then the neighborhood is extracted from the linked color composite.

_ fn——tassiifi —=——————up: TheSearch Domain
An 11 by 11 neighborhoad signature does not have to be

surrounding the selected ® File  Fie in the same cube as
im rdinate. O Library O Library . .
age cube coordinate T the Signaturewhich

is fixed to the
selection point

Neighborhood points: 1
Selected + points: 4

All four list points hav&.\,1 = T

(Form Neighborhood Mask Image ]

’ [ save Sig... | [ Potv ]
been selected as the S E S : : cube.
ighborhoods in which | |[** ™" ™ i
nelg . ; (Load Pts... ] [ save Pts... ] T
addltlonal pOIntS may be ] 3 Classify mean of « points Corr coef
@ Classify each v point Deriv diff
togg|6d-on to form a Euclidean distance
mean Signature for each Method: [ Uector angle -] [ Classify ] Eouriert oo
neighborhood. Clicking Fourier phase
. Fourier phase del
once on point number 2 .

. . . . Mahalanobis classify
highlights it and displays Nalalre b e
H H Mahalanobis list
ItS nelghborhOOd' Matched filter abundance

Matched filter mask
Template
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The following is a description of ea€Hassify window control.

Signature: The signature source is always taken from the point selection cube and
its name is shown benedfignature. The only exception is when
Library is chosen (see below).
File Use a selected signature signature from the image cube.
Library  Use a selected signature from the current library as the signature.

Search Domain: The popup menu beneath this title is used to select the cube in which
to search. Th&earch Domain does not have to have the same
spatial or spectral dimensions as 8ignature source. A different
cube is only permitted whe®ignature andSearch Domain are
both set td~ile. Also sed.ibrary below for another exception.

File Match the selected signature against image cube signatures.
Library  Match the selected signature against all signatures in the library.

Method: Popup menu of available search algorithms.

Library... Open a standard file dialog to select the library to use. The name
of the library will replacé.ib:(none) in theClassify window.

Lib Key Active after a library load. Generates a window showing the
correspondence between a toggled-on library item and the
color that will be used in the classification. See the later section on
Products and earlier sectio@hanging Selection Point Colors.

Form Neighborhood Mask Image:
A separate gray image is generated spatially matching the current
selection area and having 255 gray values at each toggled selection
point and neighborhood with zero elsewhere. @€ Curves.

Plot v Generate a spectral signature plot of toggled-on neighborhood points.
If Classify each Vv point is checked then the plot will contain each
neighborhood and their mean. @lassify mean of v points is
checked then one mean of all the selected list points and their
neigborhood points is formed and plottedMEthod is Fourier then
the plot is pre-filtered.

Options... Open theClassify Options window.

Delete Pt # Delete the highlighted selection point from the list and move lower
points, if any, up. Also affects any current plots.

Load/Save Pts...  Save the current list of selection points including their
neighborhood definitions. Upon loading all points are
automatically toggled on.
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Save Sig... If Signature is set tdrile, then the currently toggled on selections
can be saved as a spectral signature of raw values, as a new library
or added to the currently opened library. The following dialog is
presented.

Save Signature Options

If no library is currently attached to the Classify
then only the ‘Data vector’ option is possible. If
scaling is unchecked then the data vector
remains in cube file values.

Save signatureis):

@ As data vector(s) (wavelength, value pairs)
[l Make a new library and add vector(s)
[ Scale values to [0,1] range

{»Resampled and scaled in the current library

[ Apply Fourier filtering (limit bandpass)
[ Zero disabled band values

Classify mean of vV points

Classify each V point
These form a pair of mutually exclusive radio buttons that determine how
the toggled-ony() points are used in the classification process. The default
is Classify each. Then eacl point generates a classification region in
competition with the others. That is, cube pixels are compared with each
point and the closest point is defined as the proper classification. The
program requires that the classification criteria be s€hteshold in the
Classify Options dialog. If no point matches within tAdireshold then
that pixel remains unclassified (see the next sect@psons & Products).
If Classify mean is chosen then all of thépoints are averaged together to
form a single mean signature that will produce a singe classification region.
Any classification criteria may be choserQlassify Options.

Note that if there is only onépoint then either of these choices will produce
the same result ifhreshold is the criteria. Also, any point that has

multiple neighborhood points selected will still form an average of that
neighborhood to represent the signature ofthatint regardless of the
choice here.

The color that is used to delineate classification regions is the same as each
selection point color foBeparate and the color of the first selection for

Mean. The colors can be changed usingGodor Selector described in
sectionChanging Selection Point Colors.

Classify/ROC Curve:
Perform either a classify or ROC curve. This button toggles between these
two as a function of thROC curve checkbox inClassify Options dialog.
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Classify Options
Pressing th®©ptions... button in theClassify window opens the following
dialog window.

Each classiffMethod has a theoretical math- Classify Options

. . . — Selected Method Parameters
ematical range and is shown along with any e TR
parameter that must be set for thdethod. Classify each image pixel against one  grogorior—

or more Mahalanobis classes.

— Classification Match Criteria

There are 4 Ways to Compare a Signature W|th eThreshold‘ Enter tolerance, [best,worst]: | 150
the search domain. Glassify each is set then | | - "criee friertonce 01007 - 10.000000,
the criteria will be forced td hreshold. O Countable, Enter N closest, [1,32767): a0 |

— Classification Output(s)

The output format is determined by these rad| | & Color mask (black where no match)

® Color image (cube face shows where no match)

buttOnS and the CheCkboxeS- ] Generate a sequence, Enter # of outputs:  N/A
My A — 1 ROC curve
The number of signatures to list when s .
B H H — Library Parameters
SearCh Domaln IS a Ilbrary' MJA Closest library matches _ Lib:File match lists
| Ignore the Disabled Bands List in Lib:Lib searches

More Options___ diSpIayS another d|a|og __ Enable dynamic display in File:Lib searches
showing additional classification products. ( Cancel ) ((More Options... )

Selected Method Parameters:

This section shows the currently selected classificéfiethod and allows you to change
a specific parameter associated with that method. PresenthDenlydiff and the various
Fourier methods have such a parameter and are described belowhddretical best and
worst tolerances refer to the mathematical closest and furthest difference between the
signature and search domain vectors. These are used to set thresholds and sequence limits
and vary depending upon the alogoritiviethod). For instanceyector Angle andFourier
Phase range from O tatradians whereaSorr Coef ranges from 1 (best) to -1 (worst). The
various metric distances suchAdss Diff are normalized to the range [0,1] regardless of the
arithmetic range of the search image cuBaclidean distance is normalized to the sqrt of
the number of enabled bands. The Methods which allow parameters are described below.

Deriv diff delta: The sample distance from signature point to point used to compute the
derivative. Generally, signatures are quite noisy and using a delta
greater than 1 provides a better indication of the true slope.

However, if there are few or widely spaced bands some important
signature variation may be skipped.

Fourier terms: The low order number of Fourier transform harmonics to be used
in comparing signatures in the frequency domain. The greater the
number of terms the finer the discrimination and sensitivity to noise.
The smaller the number the greater the filtering and immunity to noise.
A good starting point is 8 and this value must not exceed the number
of enabled bands divided by 2.

Redo stats: Available with classify methodglahalanobis andMatched Filter.
Stats Region: Used to define the region for generating needed covariance statistics.
See description in sectigigorithms.
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Classification Match Criteria:

The four mutually exclusive radio buttons in this area specify how the mathematical
difference between the source signature spectra (vector) and the search domain spectra is
used. The first on&dhreshold, is the most direct. It allows you to enter a tolerance in the
range given by th8elected Method Parameters section just described. Then, each
computation is compared with this tolerance and if it is between ivestdhen the image
cube pixel is defined to be classified as the source spectra, otherwise not. If more than one
point is being classified, i.€lassify each, then the closest point to the best within the
tolerance, if any, determines the classification.

Threshold: A value in the range: [best,worst] that serves as a breakpoint.
Computations within [best,value] are classified, outside this range are not.
Example: if theMethod is Vector Angle then the tolerance range will be
listed as O (best) armd(worst). Setting the tolerance to .08 means that
all vector angle differences between 0 and .08 will be considered to be
“classified”. The color given to a classified region is the same as the
selection point color and may be changed viadbker Selector.
Threshold is the only criteria possible @lassify each is selected.

Percentage: Generate a color image using the selection point color to indicate the
closest percentage of the entire distribution of the match. For example,
if the percentage is 10% then the upper (best) 10% matching pixels
are defined as classified.

Equal Distribution: Generate an N color output image where N is chosen by you.
The entire match distribution relative to the source spectra is
divided into N equal areas. Each area then becomes a
classification region. Unlike the other criteria, the closest region
has the color of patch 1 in tléolor Selector, the second closest
region has the patch 2 color and so on.

Countable: Generate an output image with the N closest matches delineated.
For example: if N equals 50 then the 50 closest matches will define the
classification region. Good for showing very small targets.

Classification Output(s):

This section defines the form and number of output products. There are 2 types and both
produce an image. Each generates the appropriate color classification regionMfaticthe
Criteria listed above. Their difference is how an unclassified region appear€oldre
Mask leaves these areas black while @wor Image shows the current cube face band
where there is no classification. Both selections produce a true color image. Note that the
colored regions correspond exactly to the color currently defined for points@ole
Selector. If the colors don’t seem appropriate for the given classification change them in the
Color Selector and redo the classification. Also, see the color note above reg&igliad
Distribution. Flicker/Superimpose is very effective in dynamically comparing a classifica-
tion output with a source image (i.e. the linkéolor Composite or an image cube band).
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Color Mask: The output image has a color where a classification is define as
successful and black otherwise. The only output possible if
Equal Distribution is selected.

Color Image: A copy of the current cube face band will be used as a base image and
the classified regions will be overlaid.

Generate Sequence: If checked then the 2 tolerance values entered below the
checkbox define a range Bfatch Criteria in which a sequence of
classification images will be generated. The number of outputs is user
selectable. The outputs are arranged into a synthetic cube for display
(seeProducts). The example below will generate a synthetic cube of
10 images where image 1 represents a classification tolerance of 0 and
image 10 a tolerance of .5 (in this case radians).

ROC curve: This option is available i€lassify mean of vV points and
Generate a sequence are both selected. No image output is

Classification Output(s)
) Color mask (black where no match)
@ Color image (cube face shows where no match)

[ Generate a sequence, Enter # of outputs:

Starting tolerance: |(0.000 [JROC curve

Ending tolerance: ﬂ ROC Mask...

generated, instead a plot of the number of classify hits versus tolerance
is generated. SdOC Curves section for details.

ROC Mask... Displays a popup menu dialog allowing you to select the
“ground truth” mask image to be used in generating ROC curves.

Library Parameters:
This last section is applicable only when 8warch Domain is Library. In this case the
output is not an image but ordered sets of matching library signatures.

Closest lib matches:  You can specify how many library signatures to list
(see theProducts section).

Lib:File match lists: Generates a list of the library elements found in the image
and a list of the source library elements that didn’t match.

Ignore Disabled bands:  Available whenSignature andSearch Domain areboth
set toLibrary. In this case you may want to perform
matching at every spectral band value by including any
wavelengths that are disabled in Bend List.

Enable Dynamic Display: Available wherSignature is File andSearch is Lib.
As the cusor is passed over the Cube or Link image
a real time display of the closest library matches is
dynamically displayed. If a dynamic spectral plot is
enabled, then the closest 2 library spectra will be plotted.
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More Options

When performing a classification you may request several output products that can be
generated in addition to the class map. By seledfioge Options... in theClassify Op-
tions dialog the following dialog appears.

_ — c'assmpt'_u"s — Three options have been selected: produce a
R e e difference image between the selected classifi-
’““""";"[::fj;':i"‘;:?mmmm e cation point and each spectral signature within

M Difference image the image cube, compute the average of all
T e o etaceieatione spectral signatures within the image, and use
[ Mean spectra signature plot the source color (determined Byglit->Options-
The following options apply the source spectra >Color Comp Wavelength®f the selection
colors when generating class maps instead of .
the selection point colors: point as the class map overlay color. The mean
e e o o spectra does not depend upon the classification
points whereas the difference image does.

= 4 =~ & - -
L4 [} Q7

A single selection point within the delineated area shown on the left is
used to produce the overlay type classmap appearing to the right.

Frames 5-8r Spectra4 YA Difference Hist Equal
el » -:.i : E .
nm Yalue Mean of 47872 signatures e
1.00
299 0.0000
402 0.0000
405 0.0000 0735
408 0.0000
412 00315 050
415 00335
419 00382 025
4z2 00322
426 00353 000
299 924 1449 1974 2499
[ scale O 10x —

The plot of the mean of all 47,872 spectral signatures in the classification area.
Bad bands are zeroed. A plot that includes bad band values can be generated by
choosingEnable Allin theBand Listand then reclassifying. The difference

image (shown right) is coded so that brgghtest values represent thimsest

match to the chosen selection point(s) for the given classification method.
However, the data attached to the difference image gives the actual metric
difference (e.g. radians fafector angl¢ as the cursor is moved over the image

and thelnfo Window (menuWindows->Show Infpis active.
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More Classify Options

may also be generated:

When Classify mean ... on the main Classify dialog

is selected then the following additional outputs actual Value produced by trmethod Used in the

The selected option will produce two plots: The

b Difference and histogram plots
[ Difference image

classification for each pixel and a histogram that
plots a relative frequency count of how often a

The following output option is available
regardless of the type of Classification:

specific difference occured. Any section of each plot

[ Mean spectra signature plot

can be magnified by dragging a selection rectangle

the selection point colors:

The follotving options apply the source spectra about the area of interest and then choosing the

colors when generating class maps instead of

Image->Magnify->2xmenu. The magnification

[ Use natural source color
b Use saturated source color

factor is ignored, instead, the selection rectangle is

o | expanded to full size.

O

VAValues=—————————— 0 H

1.2245300

03796640

0.7247420

0.4893320

02449160

0.0000000 [
1

13627 15169 2271 27253 31793 I63ZT 40879 45421 49970

YA Yalue for each Pixel

%

Each of the 49,970 spectral signatures is plotted againstehtor Anglediffer-

ence between it and the chosen classification point shown on the previous page.
The maximum difference is 1.22 radians. By dragging a selection rectangle any-
where within the plot and choosihgage->Magnify->2xa new plot consisting of
just that region will be constructed. This may be repeated on the new plot to get

even finer detail.

YA Histogram

a8

=)

a1

24

17

o

L L L
u} 01020433 02040967 0.3061450 0 4051 93305102417 06122900 0.7143354 0 8163367 0.91584330 1 0204534 1 1225315 1.22453000

* Pts: 49970, Mean: D.360201, SD: 0187094, No exclusions |—

ThisHistogramis essentially the same plot plot as Bifferenceplot reordered so

that the horizontal axis

representsctor Angledifferences (in radians) versis how

frequently this difference occured. This plot may also be magnified repeatedly.

HyperCube Pictorial User’s Guide o01/27/03 Page 90



Image Products
EachClassify produces an image(s), an ordered set of spectral file names or an ROC
plot. The image can be a color representation of the goodness-of-fit or a composite consist-
ing of the color representation overlaid on an image background. The background is auto-
matically chosen to be tl&earch Domain band face so for example if band number 35 is
visible, a duplicate is made and used as the overlay base. The colors of the mask/overlay are
the same colors akpoints in the classify list. If a selection rectangle is present on the
Search cube face then the classification and resultant image is limited to the rectangle size.
An output image has one or more classification regions depending upon the various
options described in the previous section. The default is one regidrppant orV library
spectra. However, if th€lassify mean radio button is chosen then the average of all
points is formed for the source signature for comparison and therefore only one classify
region is generated. Shown below is a source image with four selected points, and 2 classifi-
cation outputs using the defalkctor Angle Method with tolerances .08 and .8 radians
respectively. Each region color corresponds to the selection point color and can be changed
via theColor Selector (see sectiohanging Selection Point Colors) or Use source
spectra color in More Options.
The utility of the classification output can be greatly expanded by &$iiger/Super-
impose in theFunctions menu or compositing it with another image @waerlay Color or
using imageArithmetic. Furthermore, classifications can have labels that dynamically
change as the cursor passes over them (see sBgtiamic Displays and Plots).

L~ Four selected points
on a linked color
composite.

- e AT
[l EE

The top right output is the result of using
theVector Angle Methodwith a tolerance

of .08 radians. The base image cube
shows through where the angle exceeded
the tolerance. The right image is the same
classification re-run with a tolerance of .8
radians which just about forces each pixel
into one of the classification regions thus
oblitering the underlying image.
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One of the more interesting products3dssify is the generation of a synthetic cube
consisting of a linear sequence of classification tolerances. For examl¢ashdy Op-
tions dialog shown below will generate 11 outputs ranging in tolerance from 0 to .1 radians
that will be automatically collated into an 11 bawithetic cube also shown below. Besides
band scrolling, most of the HyperCube functions that can be applied to a spectral image cube
can also be applied to the synthetic cube, sucBias: & Color mappingFlips, Rotates,
Flicker/Superimpose, Magnify andFiltering. The exceptions a@hifts, Histograms and
Statistical Measures.

Classify Dptions

—Selected Method Parameters

Uector Angle (no param) - :
Theoretical best Tolerance: 0.00 VeCtor Angle IS the Chosen MethOd

Theoretical worst Tolerance: 3.14

r—Classification Match Criteria
@ Threshold, Enter tolerance, [best,worst]l: [N/A

> Percentage, Enter tolerance, [0,100%]: N/A The number Of OutputS in the SynthetIC
8E”“a't"|‘:l‘r‘:”t“°“;“|“” °t'a::9;2’?‘:;';’4': :j: cube. In this instance the output se-
ountable, Enter N closest, [1, : .
— TR / quence will be: 0, .01, .02, .03, .04, .05,
put(s)
© Color mask (black where no match) / .06, .07, .08, .09 and .1 radians tolerance.

@ Color image (cube face shows where no match)
[ Generate a sequence, Enter # of outputs:{11

Starting tolerance: [0.000 CTROC curve Starting tolerance of the first output.
ROC Mask...

Ending tolerance: .1

/

_L-r:'j,;“” P;;as':s‘*t‘:;‘mm e ™ If checked then a plot of “hits” versus

[ 1gnore the Disabled Bands List in Lib:Lib searc “false alarms” W|” be generated_

[]Enable dynamic display in File:Lib searches

\Ending tolerance for the last output.

Ouly 0.00 -> 0.10 UA = EE=— ovly 0.00 -> 0.10 UA

Plane 11 0f 11: 0.10

Shown left and right respectively are two views of the
resulting synthetic cube. The left one has been scrolled to
the fifth output band in which the overlay tolerance is .04
radians while the right view has been scrolled to the the
last band showing a tolerance of .1 radians.
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The classification regions of a classify image can be tabulated by selectindrumenu

tions->Plots->Histogram when the image is active. The result is list of each class name and
the frequency with which it appears in the image. Zero frequency classes are omitted. The
list can be selected (normal drag selection and command-C key) and pasted into another

program, e.g., Excel®. Below is a portion of a very detdilbd-ile classification and the

histogram of the selection rectangle area within the image.

[0 = (lass map count

B8

#  Count HMame
5 4 BG-1,
[ 1 BG-2,

12 16 BG-1,
14 1 BG-1,
15 1 BG-2,
16 186 BG-3,
17 165 BG-4,
19 36 BG-6,
22 11 BG-1,
23 144 BG-Z,
24 15 BG-3,
23 39 BG-4,
26 29 BG-5,
27 17 BG-6,
28 112 BG-1,
20 382 BG-Z,
el 3 BG-3,
31 343 BG-1,
32 97 BG-Z,
33 5@ BG-3.

asphal t,
asphal t,
+oadway,
roadway,
roadway,
roadway,
roadway,
roadway,

light
light
packed
gravelly
gravelly
gravelly
gravelly
gravelly

PH3b, sand

PHZE, sand
PUZb, sand
PUZb, sand
PL3b, =sand
PL3b, =sand
Flz, growvel

Fiz, gravel
Flz, gravel
Tie, grawvel
Tie, grawvel
Tic, aravel

At the left is a portion of a classmap generated \igbaFile classification. The library

contained several hundred signatures. At the right is part of the histogram frequency count

listing for this classmap. Each library signature has multiple measurements. The first
column contains the index of the library signature in the color key. See settlmasy

SearchesndColor to Name Editofor a description of the class name and color association
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F(Signatures)

Whenever th€lassify dialog is active you can construct the eigenvectors and/or or-
thonormal basis of the selected signatures via menuAtatations->F(Signatures). Either
image or library signatures must have been toggled o€Esdify each... must be se-
lected. If from a library they are resampled to the enabled bands of the attached image cube.
Eigenvectors requires 2 or more signatures whiethonormal 1 or more. The covariance
or the correlation of the signatures may be chosen for the eigenvectors computation. Since
the number of signatures is usually much less than the number of bands the resulting eigen-
values and hence eigenvectors have little significance after the N-1 value where N is the
number of signatures used. Compare this with the HyperCube menimiégra->Convert
Image->Principal Components that uses all of the pixels within a cube (or selection
rectangle) to compute the covarian€grthonormal uses the Gram-Schmidt method and the
number of signatures caiot exceed the number of band3rtthonormal also produces the
corresponding projection matrix defined as: AM*AT where A is the column matrix of
orthonormal vectors. Both methods generate matrices that are saved to a file and can be used
in Utilities->Apply Transformation.

Mathematically, the following matrices are produced for the particular instance of an
image cube with 160 of 210 bands enabled and 10 signatures.

Eigenvector matrix (Matrix.ev): 160 rows x 160 columns.

Orthonormal matrix (Matrix.gs): 160 rows x 10 columns.

Projection matrix (Matrix.pm); 160 rows x 160 columns.

Below and on the following page are examples oBigenvectors method and the
result of applying the matrix to the original image cube using ridéindows->Apply
Transformation.

FiSignatures) o=—"————— 0 ="——————frameh =———-=HI8

Band 60of 210: 750 mm

The selected Classify signatures form the basis for
constructing eigenvectors and orthonormal vectors
subspace. Classify each«~ must be chosen. The outputs
are matrix files that can be used in Utilities->Apply
Transformation.

Currently:

File source: FTHS_8
Number of selections: 10
Classify type: each

[ Eigenvectors O orthonormal vectors
@ Use covariance And the projection matrix:
() Use correlation Ax (AT x Adinverse x AT

F(Signaturesjlialog set to compute the
eigenvectors corresponding to Olassify
signatures. The result is a matrix file. Classifyselection points.
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0O =————Famet AT=——HH O =———Frame6 AT=——HIB
Band 1 of 125: 1.000 um Band 2 of 125: 2.000

The left and right
images are the first
two bands of the cub
resulting from apply-
ing the eigenvector
matrix to the original |
data usingUtility
Apply Transforma-
tion.

- n -
i 4 b |z

First principal component. Second principal component.

HyperCube Pictorial User’s Guide o01/27/03 Page 95



ROC Curves

One type of classification output is a ROC (Receiver Operating Characteristic) curve.
This produces a plot of the probability of correctly classifying a data set (statistiotlly
committing a Type | Error) verses the probability of erroneously classifying a data set (statis-
tically of committing a Type Il Error). This relationship is commonly referred to as the “hit
rate” verses the “false alarm” rate as a function of a varying decision criteria. In HyperCube
the criteria is the tolerance for a given classification algorithm. The validity of whether or
not a signature is classified correctly is determined by a previously constructed “ground
truth” image mask matching the classification area. A mask pixel of zero means there
shouldn’t be a match and a nonzero pixel means there should be. During the ROC computa-
tion as each image point is classified (matched against a given spectral signature) a tabulation
is maintained of whether an image point was classified (within tolerance for the given algo-
rithm) and if the classification was correct according to the “ground truth” image mask. Each
tolerance value produces one tabulation. A sequence of linearly spaced tolerances (~250-500
values) produces tables that are then normalized to form the ROC plot.

The ROCoption is available whe@lassify mean of Vv points is selected in the main
Classify window along withSearch Domain set toFile and theGenerate a sequence in
Classify Options checked. It is similar to generating the classification image sequence
previously described. After checking tROC curve box theROC Mask... button is
clicked to select the ground truth image mask from a popup list of images. This image must
spatially match the classification area used in generating the ROC sequence of classifica-
tions. Note that Classify mean of v points” always results in a single classification
region so the summation is over a single class.

Listed below is a representative scenario for generating a ground truth mask from an
image cube and then forming the various ROC plots shown on the following pages.

1. Choose several image points representing the same classification feature.

2. Select one or more neighborhoods around each point (to form a good average).

If these points exactly delineate the ground truth then clickdnen Neighborhood

Mask Image button andClassify mean of v points and continue at step 7.

Choose an algorithm such\#sctor Angle andClassify mean of v points.

ChooseClassify Options and set up a sequence of dlBputs andColor Image.

Click Classify. Choose the output within the sequence of images that best

represents ground truth for this feature. SdBmrivert Image->Image to Mask

menu to extract the mask. This mask can then be further edited (e.g. PhotoShop®)

to give it more validity.

6. Clear all of the selection points that were used to generate the mask and select a
new point from the cube that represents the feature in the mask. Or, open a library
and select a signature from the library list (see setilmary Searches) and
selectLibrary as theSignature in theClassify window.

7. Choose an algorithm froMethods in theClassify window. SelecClassify
Options, checkGenerate sequence andROC curve and therROC Mask... .

Select the mask image generated above from the popup (this only needs to be done
once). Return t€lassify Options and enter the number of outputs (~250) and a
broad range of tolerances for the chosen algorithm. Return @laksify window.

8. TheClassify button will change t&ROC Curve. Click it to generate the plot.

9. Repeat steps 7 and 8 for each algorithm. Step 6 may also be repeated to see its effect.

asrw
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The mean of six points representing a
typical tree canopy was used for this
image mask that was extracted from a
sequence of 15 classifications using
Vector Angle

EiI=—————— Il =———— 15
Mask: Ovly 014 WA Mask
Alg: Mector Angle, Area: 0902

Tolerance Hits Falze Alarms

1.000
0. 1542 13259
0. 1574 15732
01606 16065 0.0
0. 1639 1BEM
01671 18662 0.500
0. 1702 15062
0.1735 17243 D
0. 1767 17512
0.1799 D63
0000 0250 0500 07439 0939
Oscate [J1ox [JPts Hits vs False Alarms Rate |—
T

The selected image point on this
linked color composite was the
classification signature to be
matched when generating tROC
plots shown below.

EN BIC b 0=
Pask: Owly 014 ¥4 Mask
Tolerance Hits False Alarms Alg: Euclidean Distance, Area:0.746
1.000
0.0000 o
0.0241 o
0.0482 17 B0
0.0723 12
0.0964 260 0.500
0.1205 =]
0. 1446 1056 0250
0.1687 1564
0.1928 2106 0.000
0000 0250 0500 0FS0 1.000
D Scale D 104 D Pts Hits vz False Alarms Rate E

From above clockwise are tiROC plots corresponding t¥ector Angle, Euclidean
Distance, Fourier Phase and Derivative Differerespectively. The vertical axis is
the hit rate and the horizontal axis is the false alarm rate. The greater the area
under each curve the more discriminating the algorithm. IdeallyHthRatewould
approach 1 while th&alse Alarm Ratstays near zero producing an area close to 1.

Mask: Ovly 014 Va4 Mask
Alg: Deriv Diff 2, Area: D.5Z5

Tolerance  Hits  False Alarms

0.0024 5723
0.0025 V10
0.00Z6 )
0.0027 200
0.0027 2495
0.0023 =343
0.0029 =ros)
0.0030 =)
0.0031 == 1)

0.750

0.500

0.250

0.000 I
0.000f 0250 0500 0730 1.000
Hit; Falze Al Rat,
itz vz Falze Alarms Rate E

|

[ Scale []10x []Pts

EN RIC? =
Pask: Owly 014 ¥4 Mask

Tolerance Hits False Alarms Alg: Fourier Phase 8, Area: D742
0.0000 o

0.0020 o

0.0161 2 B

0.0241 2

0.0z21 = 0.500

0.0402 243

0.0422 =] 0250

0.0362 10

0.0643 1812 0.000

0000 0250 0500 0FS0 1.000

[JScale [J10x ? Pts Hits s False #larms Rate E

Clicking within the graph displays a green dot and

highlights the corresponding tolerance value.

Conversely, clicking within the scrolled list shows

the corresponding plot position.

ThePtscheckbox switches the
plot from continuous to a discrete
scatter plot which th&OC
actually represents.
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Malapai

EN Classifyl FE
Signature: Search Domain: —
I File @ File
(@ Library > Library
Lib: AnnLib list

Neighborhood points: 9
Selected ¥ points: 15

(Form Neighb

orhood Mask Image |

[ save Sig... | (Plot v Mean]
( options... ] [ LibKey ]
(Load Pts... [ save Pts... |
@ Classify mean of « lib spectra
[} Classify each + lib spectrum

Method: [ Euclidean distance v |

Fifteen selection points along with various neigborhood points were

used to generate the resulting selection mask shown to the right b§a=Target Mask =

choosingForm Neighborhood Mask Imagpe the Classifydialog

above (see sectidblassify Function Each target point represents
the same physical material. The library spectral signature of this

material was used in the classification to produce the RDC

curvesshown below. Note that the classification area and the mas D

selected for th&®OC curvesnust spatially coincide which in this
case was automatic.

EX ROC 16 EE S/ ROC 19 EE
Mask : Target Mask Mask: Target Mask
Tolerance Hits False Alarms Alg: Vector Angle, Area:0.951 Tolerance Hits False Alarms Alg: Euclidean Distance, Area:0.892
1.000 1.000
0.0000 1) o |ik 0.0000 1)
0.0032 u} a 0.o0321 u}
0.0084 0 0 0.0 0.0843 0 Ces
0.0096 u} a 0. 0964 u}
0.01z9 u} a 0.500 0.1z285 u} 0500
0.0161 u} a 0. 1606 u}
0.019z2 u} a 0250 0,192z u} 0250
0.0225 u} a 0.2240 u}
0.0257 u} a 0000 0.2570 u} 0.000
0000 0250 0500 0750 1.000 0000 0250 0500 0750 1.000
O scale [J10x [Pts Hits vs False Alarms Rate [ Oscale [J10x []Pts Hits vs False Wlarms Rate [}

These plots correspond to the same four methods shown on the previous page that
were used in discriminating the tree canopy. Here they give a quantitative measure

of target verses background discrimination.

il ROC 15 EE ER ROC 17 [E
Mask: Target Mask Mask: Target Mask
Tolerance Hits False Alarms Alg: Deriv Diff 2, Area: 0,911 Tolerance Hits False Alarms Alg: Fourier Phase 8, Area: 0,940
1.000 1.000
0.0000 u} o [ 0. o000 u}
0.0001 u} a 0.0126 u}
0.0002 0 0 0.0 0.0252 0 O
0.0002 u} a 0.0zv2 u}
0.000z2 u} a 0.500 0.0504 u} 0500
0.0004 u} a 0.05631 u}
0.0005 u} a 0250 0.0757 u} 0250
0. 0006 u} a 0.02az u}
0. 0006 u} a 0000 0. 1009 u} 0.000
0000 0250 0500 0730 0993 0000 0250 0500 0550 1.000
O scale [J10x [Pts Hits vs False Alarms Rate [ [ Scale [J10% [JPts Hits vs False Wlarms Rate o=}
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Library Searches

ChoosingLibrary as theSearch Domain produces a list of library signatures that best
match the criteria selected by the user. The listis ordered in decreasing closeness with a
numerical value derived from the classificatidethod. The numbers are only meaningful
within the same method and are most useful in detecting a cluster of matching signatures, i.e.
items that are physically similar. The spectrum of any listed signature can be plotted in a
spectral signature window by double clicking it and can be added to the spectral plot window
by dragging its graph (see tBeiperimposing Signatures section).

A library is loaded by choosing thebrary... button in theClassify window. Once
loaded the name will replatgb:(none) and thelibrary option radio buttons und&igna-
ture andSearch Domain will then become available. Loading a library connects it to the
classification process whereas using meme+r>Open As..., and selecting-ormat: Library
does not and that library remains independent. However, signatures from the later may also
be dragged onto the spectral plot window.

The steps to perform a typical library classification are as follows:
Load the image cube file and select one or more (if averaging) image points.
ChooseClassify... from theFunctions menu.
Click theLibrary... button to load a spectral library.
Select{) one or more cube points from tBéassify coordinate list.
Click theSignature: File and theSearch Domain: Library options.
Choose a classification from tMethod popup menu.
Click theClassify button. A list(s) of matching library signatures will appear.

@ File Edit HApplications Image Functions Utilities Windows 5:20 PM :,_?J
Plot->run03_1000 Classify2

oo hs~wnNPE

e Signature Search Domain

1000 run03_1000 run03_1000 v
0.833 @ File O File
0.667 > Library @ Library
Load Lib... Lib: Alibrary.lib
1

0.500

- i f
S ety ! (Form Neighborhood/Mask Image )
1

0323

¢ 1 168 551 - f
o6t [ save sig... ] | Plotv ]

0.000 ( options... ] [ LibKey ]

397 T47 1096 1446 1796 2148
Wavelength {nm}

g (Tlear Lib | ) Classify meap of »~ points
L scale [1[0,1] od ear 1l (Delete PLT ) @ Classify each + point

Method: [ Euclidean distance w | Classify

(Load Pts... | [ save Pts... |

N Library Searchi Alibrary.lib

Pethod : Euclidean Dist Double-click to toggle

Library : Alibrary lib Hems selected: O

| # Sig. vectors: 1

JUNZ21B.060 Spectral File : run03_1000 1 JUM19E.00S

1 JUNZIEO60 02117 D&746 2 JUn13E. D0G
Value JUN21B.060 2 JUNZIB.OST 03122 08150 3 JUH19B.007
3 JUNZ1B.0SE 03341 0.5021 4 JUNT9E . 003
4 JUNZ1BOSY 04207 0.7508 5 JUN19E.014
5 JUNZ1B.O6Y 08037 05238 6 JUNTOE 016
& JUNZ1B.OGE 03055 04636 5 UN1SE 017
7 JUNZIBOET 03710 04247

o et 5 JUNZIE.OTO 10829 03554 g jﬂ:::g'g:g
a0 s 3 JUNZ1B.OG6 10870 03560 .

285 0.0584 ) []Average « items

390 0.0546 -
- Plot Selection

350 [ ]

[V

858 1425 1962 2500
[ scale ] 104

350 0.0819
255 0.0615
260 0.0569
2635 0.055&
70 0.0605

The Library Search window lists the library signatures matching the selected image cube
file point. The top signature in the list has been superimposed upon the Plot window.
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The opposite of the previous example is also possible: i.e., choosing one or more library
signatures and generating a classification outgbtKile search). The region colors are then
taken from the patches in tl®lor Selector as follows: the lowest library signature index
corresponds to the first color patch, the next highdsrary signature index to the second
color patch and so on (see right hand example below for an alternate method of defining the
color correspondence). In the same manner that the selection point color correspondence can
be chosen, so can the library signature color correspondence by choosingditerp-
tions->Color Selector. The color to name correspondence can be displayed by clicking the
Lib Key button in theClassify window. This generates a palette like image of the correspon-
dences. This can be saved like any other image. Shown here is a typical output. To select
(toggle on) a complete library, click on the library window and then cheekset All from
theEdit menu. Up to 1024 signatures can be selected. To deselect (toggle off) all choose
Edit->Clear menu or double click individual selected spectra. Se&ioramic Displays
and Spectral Plots describes how to change both the color and the associated name after a
Lib:File classification has been made.

If Lib:File match lists is checked (default) i€lassify->Options then two lists are
generated in addition to the classmap. One contains a list of the library selections that are in
the classmap and the other list contains the library selections that are not in the classmap.
Toggling a list item will display its corresponding spectra. Empty lists are not generated.

=[0= Alibrary.lib Cc =53 O = alibrarylibC.. = E1 B
Color * idx Lib Mame |{i Color # idx Lib Name |+
Bl 1 1 Jumige00s [ Bl ¢ 0 JuUNisEMS [S
B 2 2 JumNi9e.nog At left is a portion of 412 B z 2z Jwunieeoos |
[ ] =z 2 Juntse.oo? color to library signature Bl = 3 JuNige.O07
[ ] 4 4 Juni9g.00s correspondences after ] 4 4 JUN19E.00%
[] 5 5 Jumige.o1d Select Allwas choseninthe|| JJll 5 5 JUN19E.014
B o © JuNigB.DI6 Edit menu to toggle-on all Bl © & JuniEDIs
B * 7 Juniee017 of the library entries show- || [l 7 7 JUNI9E.OI7
B = = Junige01s ing the default colors. At Bl = = JuNisEas
[] @ 9 Junige.01s right is the same library Bl - © suniseDMe
[_] 10 10 JUN19E.0z20 color coding aftetUse Bl 12 19 JUN19E.020
B 11 11 JUN19B.02f source spectra coldras Bl 1 11 JuNisB 02
[ 12 12 Junisenzz been selected iBlassify: Bl 1z 12 Junteep2
[ 13 13 JUN20A.001 Options: More Options B = 13 Junzos.001
[ 14 14 Junz0a.002 Bl ¢ 14 Junz0a 00z
[ 15 15 Junzoa 003 . RERRER
Bl c 16 JUNz0A 004 Bl ' 16 Junz04 004
Bl 7 17 JUnz0A 005 Bl 7 17 Jun20A.005
B 12 13 JUNZ20A 006 . RERRER T
[] 19 19 JuNz0A 007 Bl o 19 Junz0s.007
[ ] 20 20 JuMz0A.008 Bl =2 =0 Junzoa.008
B 21 21 Junzoa 009 Bl 2 21 Junz0a.000
B 22 22 JUNZ20A.010 B 22 22 Jun204.010
[ 22 23 Junzoaoii B 2= 23 JUMz0A 011
[ 24 24 Jumzosamiz [4F B 24 24 JUNZOADIZ [

3 EE 1 [ [Z
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Dynamic Displays and Spectral Plots

Each time a classification output image is created a list is generated that associates the
colored regions with the selection point number or library signature name corresponding to
that region. Then, as you move the cursor over the classified image the name appears as a
small label next to the cursor. The labellingr
font and its position can be changed by ol [l
choosing menuEdit->Options->Labels. [0,0] Image Origin

. . . Labels Anchor to Upper Right
This brings up the submenu displayed at T AT
right. If a classification image is saved th ST iz U2

. i B List Clipboard Contents System 12

correspondence list is also automatically Image to Ref Coords... | g0
saved using the name of the image concat-
enated with a €2n” extension and if the image is later loaded the correspondence list is also
loaded and associated with that image. The correspondence between the color of a region
and the label name that appears is completely editable by usibglities->Class Map
Editor described later.

Below are two examples of classificaion outputs showing the region labels for a specific
cursor position.

On the left is the output image from a 4 point seledaaFile classification showing point
#1's region label.Vector Anglewas used with a tolerance of .08 radians. To the right is the
classification output of a different image cube resulting frdaba-ile search. The label

and color of either image can be changed via nidtilities->Class Map Editor
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A dynamic display similar to a classification output image can be generated when per-
forming aFile:Lib search. Normally, this consists of selecting an image cube point and
classifying it against a library of signatures producing an ordered list of best matches. How-
ever, if theEnable Dynamic Display check box in th€lassify Options dialog is selected
as shown here then the match vector is chosen from the cursor’s position on the image cube.
A label containing theg best matches will be

. Library Parameters
computed and dis{ | [+  ]clesest iibrary matches played as the user moves
[11gnore the Disabled Bands List in Lib:Lib searches . . .
the cursor. The dy{ | Renable dynamic display in File:Lib searches namic search remains in
effect until any mouse (Corey ) click in thelassify
window. It must be restarted by clicking the

Classify button. If a color compositank image of the cube image has been created then
the dynamic display will also appear when the cursor is moved over the linked image.

|§D§ FtH23m006 =———I= Dynamic Plot->FtH23m006

Band 60 of 69: 750 nm JUNZSE 0E2 JUNZSE 02D
1.000

0.750

0.500

0.250

0.000
99 o924 1449 1974 2499
Wavelength {nm}

[ scale (10,11 [1Hide Bad H

The dynamic display of 4 library spectra that most

closely match the image cube spectrum at the cursor

position. The graph is the corresponding dynamic

spectral plot of the top 2 library spectra (red and

(e green) along with the cube plot in black. In this case
ol theMethodchosen wa¥ector Angle

A dynamic display of the current image cube
vector position can be shown by select8pectra
(Dynamic) from thePlot submenu. As the user Rrithmetic...
moves the cursor over the image cube or linked color
composite the plot is automatically updated. The data is read from the image disk file and
works best when the cube file isBiL or BSQ format. If the user has enablBgnamic
Display in theClassify Options dialog, described previously, then the two closest library
spectra will also be plotted on the same graph. Similar to the Sed#icted Points plots,
you can Scale’ and Hide Bad'.

Histogram
Spectra (Selected Points)
Spectra (Dynamic)
Scatter...

EN=— Dynamic Plot->FtH23m006 =—FF EN=— Dynamic Plot->FtH23m006 =—FF
osss = Dynamic spectral © 000
0264 ~ /\ plots of the same 0750
o154 cube vector point 0.500
0.125 /_’\‘\4 Wlth and WlthOUt 0.250 W’y\w
0.055 the optional check | o.000
399 924 1449 1974 2499 399 924 1449 1974 2499
¥avelength {nm} boxes SeleCtEd ¥avelength {nm}
(] Scale [10,1] ] Hide Bad & [ Scale [I0,1] [J Hide Bad &l
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Class Map Editor

The correspondence between the color and name of an image ClafifHes windows e
cation can be modified by usitgjilities->Color to Name Editor. You Browse...
can do this after the image is generated or at a later time as long as t :E;‘:';etsc‘uheme
classification image has an associatecn file. A classification image i{ | o ,
a true color image where each pixel is either a gray value (including
if it's a mask) or a specific color. Associated with each color is an AS E::;ZT:\;T:.Z.;T;}'::
string comprising the name that will be displayed whenever the cursoiis
over that color or no display when over a gray (image) pixel. Ebuer allows changing
that association so that a color or group of colors may be “renamed” or the color itself
changed with a corresponding change in the image. For example: a classification region
titled “Water” and represented by a light cyan color can be changed to “Shallow Pond” with
a medium blue color. A single colored region can be changed to anyokhe(not gray) as
long that color is not already used for a different region. You can choose multiple items
using the shift key for contiguous and the command key for non-contiguous selections
(Windows version uses tltrl key for non-contiguous). As each item is chosen the corre-
sponding class on the image will flicker in white. So, as multiple selections are made they
produce a larger and larger composite region. Apydy button will consolidate all of the
selected items into the displayed name and color and change the image approppatgly.

is not reversible. Therefore, it is best to make a dupliéat#-¢Duplicate) of the class map
image before editing it.

| Edit->Six Class Map =——=H1H _ —_—
———— Six Class Map=——
Select 1 or more items in the list. Edit the
name or color and Apply. 5ave the source " E
image to update the file correspondence. : et 4’ -
- Ly
Sparee Grass Fe . R - h e b
Spa |  R:|195 . i R kit
Trails G: 255 F i X
Main Roads -_#. 3 Htp iy ;:ﬂ"
Open Grass B: . 'J{ 1 oy a
Water . ey oA ] r
— |—| : L L
Lo i
|Sparce Grass | [ appry "‘ -
" -
[ Export Item to ESRI Shapefile... | Ll A
[Load...] [Save...] [Search..] [Color Key] -l_.::"'f- 1 "ul:‘,'_e-‘ = -
Z YN T
o, e : -
- - i ¥ r
»oEA LT
f F ; r . :‘.
R 1L vl

e

TheEditor window on the left shows 2 highlighted items that have been selected and are
about to be consolidated into a single class with the name and color shown. The classmap
image on the right shows where these 4 items are located by flickering them in white. When
Apply is clicked both items will have the col¢t95,255,195}and the item list will be

updated. Th&earchbutton displays a dialog allowing you to enter a text string and every

list item containing that string will be highlighted as if manually selected.EXpert...

button saves a single item in the ESRI Shape File format (see E8®rShape Filgs
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Scrollable List  For each classification region the associated name and color.
Click to select, edit name and color followed Bpply or return.
Multiple lines may be selected via shift click and command click.

R:G:B: The color components as each is selected. Edit as desired. The
color patch below shows the composite.

Apply Change the selected list name to that of the edit field and color
and update the image. Hitting return key is same as Apply.

Delete Remove the selected list item and replace its color with black.
Color Key Generate a legend type image (see setiiomary Searches).
Load/Save The color to name correspondence may be saved without having

to resave the image. It must be saved as "name”.c2n. A previous
(e.g. master) may be loaded to overwrite an original correspondence.
This is an ASCII file and is also compatible widit->Options->

Color Selector. See sectiohanging Selection Point Colors.

Load Options

The correspondence between name and

color may be selected below. {*)options H H H
are irreversible (Save or Duplicate first). Varlous Comblnatlons Of the
Also, differing table sizes truncate the # of Current and new COIOrS and

entries to the smaller table size.

names may be selected.

@ New colors and new names (*)
(» New colors and existing names {*)
(O Existing colors and new names

(Cokay J
Search This displays the dialog shown below and is used to select items based

upon their common names. Each item containing the search string
will be highlighted. No modifications are made uAgdply is clicked.

Search Color to Name Editor

Enter a search string below. Each line

item within the Color to Name Editor If Precleatis checked then any
containing this string will be highlighted. .. . . . .
Clicking Apply will collapse all of the existing highligting is cleared

lected entries to the displayed : ;
;ﬁ:iuﬁurl.al;:lel;i:nufrelzgr?i‘rlfle.name else Items matChlng the SearCh
[ Case sensitive [ Preclear selections String are added to Currently
[Aipnar | highlighted items.

=
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Export Item...  Convert asingle item into a shape file as specified in the ESRI
Shapefile Technical Description - July 1998. Brings up the user
dialog shown below presenting a number of options.

ESRI Export Options

The chosen classification is converted to the
ESRI Shape File format {origin at bottom left)
that yvou may save and/or display according to
the options below.

L4 Save files: *.shp, =.shx, =.dbf

[ Plot shape file (2X size)

[ Flip output {origin at top left)

[] Transform to Image Reference coords

=

Save files:  Solicits a file name using the item as the base name
and produces the three files listed. The .shp
extension is a must, the other two are automatic.

Plot shape: Generates a vector plot of the result at 2 times size.
This plot will exactly match a 2 times magnified
image of the class map. See sectidiagnify and
Flicker/Superimpose.

Flip output: Invert the y coordinate so that the origin is at
the upper left instead of the image’s lower left.

Transform: Convert shape file coordinates to the transformation
specified byimage to Reference Coordinates.

S

The left image is a 2x magnified view of a six class map. The main dark green
regions are the selected item in Bkass Map Editothat wasExportedto a

shape file. The right image is the vector plot output showing the class outline in
green and any interior voids in the complement color, magenta.
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Spectral Calibration

HyperCube has the ability to empirically calibrate a cube against a set of two or more
reference spectral vectors. The reference may be from an external file, another cube or a
library. Calibration uses the same point selection and neighborhood toggling as is done for a
Classification. It can be invoked wheneveiCGdassification window for a given cube is
active by choosing-unctions->Calibration. Calibration produces a gains and offsets file
that may be saved or immediately applied so that you can see the effect on a classification or
plot by toggling it on and off.

The idea behind calibration is simple, try to compute a separate linear transformation,
gain (or scale) and offset, for each band that will convert that band’s pixel values to the same
values in a reference set. The assumption is that the difference between the measured and
reference spectral values is closely represented by a linear change. In practice this isn't exact
so more than two spectral vectors (selection points) are used in a least square solution.

A typical calibration scenario is as follows: Suppose there are four panels in the source
cube that have known spectral reflectance signatures (somewhere else). Then choose four
selection points over these panels and toggle them on as if doing a classification. You may
then choose additional neighborhood points around these if an average spectral signature for
each panel is desired. Bring up alibration dialog as stated above. Thikeas column
will be the measured spectral vector for the given point anBé¢heolumn will be the
desired reference spectra and initially will be zero. The next step is to put data R&f the
column that you want thidleas value to be transformed into. This could be done by manu-
ally entering the data as described below (very tedious for hyperspectral data!). However, the
easiest method is to drag an existing reference spectral signature plot over top of the calibra-
tion window list. It will be automatically interpolated from its wavelengths to the cube’s
wavelengths (see secti®otting Signatures). The signature plot can come from a library
list (seeSpectral Libraries) or from another cube. The later is extracted by loading a second
(reference) cube, selecting a point, opening a classification window, toggling that point on
and then clicking th®lot v button. The resulting signature plot can then be dragged onto
the calibration window. The final method of enteri®ef data is to read it from a previously
generated file. Its format is ASCII tab delimited text pairs of wavelength and value. Note
that it is not defined by a band number. The wavelengths are used to properly interpolate the
values into the cube’s wavelengths. If the cube’s spectral range extends beyRefl the
values then the correspondiRgf data is zero filled.

Edit highlighted or selected item.  Current point. Next or previous point.
EE=——— \assifyl Calibration Z———c————i
Band Yave Meas Ref\ Pt % m
R 399 6.0 0000 [k
PR R = Cmemer— Save/Loakef for

405 280 0.000

/ .
1
Band an h/§ e Qe the current point.
. 7
8

[]2ern G & 0 at disabled bands

WaVGIengt 413 230 0000

422 250 0.000
el 426 230 0.000
0 429 270 0.000
11 433 0.0 0.000
12 437 3.0 0.000
13 440 1.0 0.000

[/ Compute | [ Apply ][ Remove | Brln_g up the Ref
m  scaling dialog.

/

Generate gains and offsets. Apply (remove) them to (from) current cube.
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The variougCalibration Dialog controls are defined below:

Scrollable List:

Pt. #:

<- >

Edit->:

Selected Item:

Band Range:

Save Ref...

Load Ref...

Scale Ref...

Zero G & O...

Compute

Apply

Remove

Contains four columns listing tigand, Wavelength, Meas value
andReference value for the giverPt. #. Clicking on a
Meas or Ref column item allows that item to be edited, Ee button.

The current selection point number shown in the list. May be manually
edited or incrementally changed with the adjacent arrow buttons.

Step to the previous or next selection point.

Enabled when Meas or Ref item is highlighted (clicked on). The high
lighted item will be changed to the number in the edit field. Works in
conjunction with the two radio buttons described next.

If on then only the selected (high lightédgas or Ref item will be
changed. Mutually exclusive witBand Range.

If on then all of the items within tHi@and Range specified will be
changed to the same given value. Mutually exclusive 3étlected
ltem.

Displays a standard Mac save dialog and saves the currenRebidata
as ASCII tab delimited wavelength, numeric value pairs.

The opposite oBave, loads a previously defindglef file and interpolates
as necessary to overwrite the current pRiet data.

Brings up a dialog that permits you to enter a numeric value that will
immediately be multiplied times a specific Ref column or all Ref columns.
A convenience to change the range ofRle¢ data.

When checked the gain and offset computed for daetbled band

is set identically to zero. When these gains and offsets are then applied
to a cube the disabled band’s spectral values will then be zero.

See sectioBand List for a description of disabled bands.

This button becomes active when at least GAassify points are selected.
When clicked the gains and offsets are computed and shown in a separate
data list window that can be saved 8ave in theFile menu.

Also generated is a data list showing the corresponding residuals from the
least squares solution.

Becomes active after@mpute and immediately applies the gains and
offsets to the current cube meaning that any plots are automatically
updated and subsequent classifies will accommodate them.

Remove any gains and offsets that may be in effect for the given cube.
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il Classify3 [E
Signature Search Domain
Frames 5-8r
@ File @ File
(i Library (O Library
Load Lib... Lib: (none)
Heighborhood points: 1 -
Selected # pomte: 4 (FOrM Neighborhood Mask Image ]
1192 7E0 |4k T
T3 e dm | (savesig... ) [ Plotvs ]
3193 750 = :
v4 133 744 ( options... ] [ LibKey ]
(Load Pts... [ save Pts... |
] (O Classify mean of « points
Telete P12 @ Classify each « point

Method: [ Dector angle -]

[ Classify |

Four selection points from culbgames
5-8r have been chosen as reference

values. Point #2's spectra is shown below

and is being dragged over the corre-
sponding point #2 listing oflata8%
calibration window

il Classify2 [E
Signature Search Domain
datasa

@ File @ File
(> Library (O Library
Load Lib... Lib: (none)
Heighborhood points: 1 -
Selooted }“pof:t'::sq (Form Neighborhood Mask Image |
s 1 186 367 i -
Ta e | (savesig... ] [ Plotvs ]
3 180 34 _ _
v 4 177 302 ( options... ] [ LibKey ]
(Load Pts... [ save Pts... |
] (O Classify mean of « points
Telete P12 @ Classify each « point
Method: [ Uector angle | Classify

These are the four points d&ta8athat
have been selected as the matching
spectral vectors to the four reference
vectors ofFrames 5-8along with the
data8acalibration window below.

EE Frames 5-8r Spectra3 EE EE Classify2 Calibration LE
nrn Yalue Selection pt: 2, # neighbors: 1 Eand e izes 337 Pt ®:
1.00 1 434 0426  0.000
39 n.11ea L R -1~ 2 440 0127 0000 Save Ref
402 0.1060 . | T |:| [ Save Ref... |
ans Qi1en 07s | | 3 445 0130 0000
| [ R EE || epeen | o
@5 Oiom 050 iz 0
He Q1130 1 D g 1 & 462 0123 0000 C Band Range
ais 01040 \ | B 455 0430 0000 :
P Q11en 0.25 . & 473 0430 0000 [Scale Ref... |
a 479 043 0000
428 01150 A ) :
: + 1 10 454 0130 0.000 [J2ero G & 0 at disabled bands
399 924 1449 1974 24939 I8 4320 0129 0000
[Oscale []10R B 12 495 0430 0.000 (Compute | [ _Apply_ [ Remove |
] 13 501 0432 000
[&]

Spectral plot of point #2 dirames
5-8r.

Point #2 ofdata8& calibration window before
the drag operation.

] Classify2 Calibration EE
e T e E=— Data? =
2w ooz on BlGms | |CoweRel) P
e S I
10 484 0130 0114 [12ero G & 0 at disable : o
LB i 2 Comer e -
EE) = : toloiee |6
Point #2 after the drag operation. The spec
plot values have been interpolated and placed = Datal E
into theRefcolumn. This is repeated for each of o Taage:
the remaining points followed by t@®mpute 1 R
button which then produces tliins and Offsets s +1.3700 400574
values along with thResidualdor each band. : 1\0e o osas
. - . 7 +1.3728 +0.0331
These may be applied immediatedpgly) to 8 +1.3%7 4008
data8eor saved File->Save.
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Saving Images
HyperCube saves imagesHEG, NITF, Pict, .SUN, TIFF, Raw or File |

Edit Appllcatmns

Multiband depending upon théile menu item chosen and on the inter| New..

Open... 880

format of the image. Any single image or image band can be saved | openas..
Pict (the intrinsic Mac image type, Windows version is TIFF) by maki| toadselection.. %L

the image window active and choosffie->Save. If the image has nof aecean =
as yet been saved a standard save file dialog with the suggested na e S
appear asking for confirmation if the file already exists to overwrite it| saveBands..

Subsequent saves of te@me image will perform the save directly page Setup-
automatically replacing the old image with the same name. Howeve| quit ®Q

the image has been modified since the last save the confirmation dialog
will again be presented. To save a specific band, scroll the cube to the band hmbse
cate from theEdit menu and the®ave. Images irPict format are loaded by th@pen
function in theFile menu (see theoading Images section).
File->Save As... is used to save imagesJREG, NITF, Raw, SRF, TIFF or Multi-
band format. IfNITF, SRF or TIFF is selected from thEormat popup then no other dialog
is required. Th@ict format is also included for conveniendeaw is used to save a single
image and allows specifying a rectangular subset and the pixel type. If the loaded image has
attached data (e.dretain source data was checked in the original load dialog) then the
attached data values are saved instead of the 8 bit display values. SBlaatidigplays:

Intersection

Image is 512 pidels by 512 lines. TheSave AS RanlaIOg
starting pivel:[1____ | # of pinels: [512 defining the file format for a
Starting line: |:| # of lines: 512 true CO|OI‘ screen dump |mage

saved iBBandinterleave

Pixel type: _ .
- order. Because it is true
nterleave: _B d . .

[[Band ~] color it will be saved as a 3
band cube.

The dialog edit fields are defined as:

Starting pixel:  First pixel defining the image rectangle to save. These first 4 edit
fields are preset to the current dimensions of the image.

Starting line: First line to save.

# of pixels: How many pixels per line to save.

# of lines: Corresponding number of lines to save.

Pixel type: Either byte, short, float or long.

Interleave: If the image is true color then this popup will be enabled to allow the

image to be saved as a 3 band cube with the specified interleave.
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The Save As... function is also used to save an image cube as a multiband image. The
dialog is similar to the previolRaw dialog with the addition of two more edit fields and a
check box to selectively dump only bands whose stattisabled in theBands List.

Unlike theRaw dialog, thelnterleave popup is always enabled, not just for true color.
Save As... also generates a névindr, and for multiband a netvwvl, file.

Synthetic Cube

Image is 150 pixels by 150 lines by 256 bands.

starting pisel: [ | # of pinels: An entire 256 band image cube is
Startingline: [1___ |  # of lines: specified with no subsetting. The
Startingband: [1__ |  #of bands: [256 grayed-out appearance of the check
[IDon't save disabled bands box indicates that there are no

Pisel type: disabled bands in the Band List.
Interleave:

The additional dialog items are defined as:
Starting band:  The first band of the cube to start saving. The default is the first band.

# of bands: How many bands to dump beginning at 8tarting band. The
default is the number of bands in the image cube.

Don’t save dis... If this check box is set then disabled bands specified iBanels List
will be skipped. This option is unavailable if all bands are enabled.

Note: To change the format of the multibdie use theReformat Cube File... function in
theUtilities menu. It is much more general and operates directly on the file pixels and not on
remapped images that have been loaded into memory. However, it gives the same result if
the file pixels are only 8 bits since no remapping would have been necessary.

The last type of image saveSsve Bands... and becomes available in thide menu
when an image cube window is active. Its purpose is to save each band of the cilet as a
file forming a set of sequenced images that can be made into a QuickTime™ movie using a
program such as Adobe Premiere™ or ConvertToMovie™. The user is presented with the
standard save file dialog showing a suggested base name for the images. This name will be
concatenated with the band number (ragme.001) as each image is automatically saved.
A dialog will appear showing the progress of the save. To prevent clutter it is best to select a
separate folder for the images. It is also a good idea to embed a spectral identifier in the cube
before saving by choosirigmnbed Wavelengths from thelmage menu. Only cube bands
loaded into memory are saved so a very large amount of RAM needs to be allocated to
HyperCube in order to contain the entire cube.
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Printing

Any HyperCube window or underlying image can be printed to the currently chosen
printer using the functionsSile->Page Setup... andFile->Print. These bring up the stan-
dardMac orWindows dialogs with options usually specific to the type of printer. The default
is to print the contents of the front most window with its name below centered on the page.
Print Image prints the entire image regardless of what is shown within the window whereas
Print Window limits itself to just the way the window appears including any operations
being performed on the window such as gray mapping or filtefmgnt Image will be
replaced byPrint Text if the window contains any ASCII lists. Whether window or image,
the output will always be resized to fit within the print area.

=ss | MacintoshPrint Dialog details
Printer: [ HP LI rm 204 2 B Destination: | Printer | 3]
- [Hypercube ) If a selection rectangle has been
@ Printimage [ Suppress Title [] Print Selection dl’awn then yOU have the Optlon Of
3 Print Window [ Suppress Border Dots perinch just printing its contents.
~_|| lustprinting

\
Selects either print the entire You have the option of
image or just that portion omitting a title or border.
shown in the current window.

The desired output resolution.
However, the image will
always be scaled, if neces-
sary, to fit the page.

st The correspondin@rint dialog in the
— Printer H H
_ Windowsversion. The HyperCube
Mare: [l 1201 2 oo | options appear at the bottom.

Status: Ready
Type: HF Laser et 40P
Wwheres  S\pluto(lpry128_1

Comment: ™ Print to file
— Frint range Copies
= Al Mumber of copies: |1 3:
) Fages from:l Lo:l ]
™ Collate
) GElectinn

— HyperCube option:

: I | Frintselestion restarmle
£ Print windew ™ Suppress border I?Z Dots per inch

[1]3 I Cancel

= Pririt image:
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Utilities
Reformatting a File

Menu Utilities->Reformat File... operates on Multiband, Raw, [CIETE) windows _Help
NITF sequential multiband and NITF mono image files. If the file to | Browse-.
reformatted has ‘ahdr file these values will be extracted and inserted
as defaults into the appropriate edit fields ofReformat dialog
window. A new*.hdr file will be generated along with an updateavl dass Map Editor...
file if one existed for the source image cube. NITF multiband and m| concatenate fites..
files don’t have a separate hdr or wvl file, all sizing information is Change Window Title...
contained in the source file. Reformatting a NITF file produces a cuf -2 =t
or mono file, not another NITF file. Selecting a single output band from
a multiband image essentially extracts the band and writes a samgtgpe image.

TheReformat dialog is shown below.

=————— Reformat Cube
The upper elements define the spatial - Source File Format --
format of the data. Normally, this is #Pixels: 320 Header bytes:
retrieved from thé&.hdr file or directly #Lines: 968 Pixeltype: [Igbitunsigned 3]
from aNITF file. #Bands: |218 Interleave:
Byte order: Mac,5un {big endian}
i ) . == Output Format --
This dialog area specifies the format #Pixels: [328 et [
of the converted output file. Its initial #Llines: 968 startline: |1
values are set equal to the source file #Bands: | 219 Startband: |1
size and are edited as desired. Min: g Pixel tyne: (32bitfloat 3
Max: 1288 Interleave: _BIL (line seq) >
[ Flip left ¢-> right [ Swap bytes, {change to PC)
Check boxes used to change the order L e A S
of pixels within a line, the order of the £ Apply scaling [0 Reverse band order
lines within a band and whether any it min amex ) Reversewavelenth order
Scaling, “mmng or byte Swapping is [ cancel | [ Scaling/calibration... | [ Reformat... ||
to be applied.

The example shown will generate a full size cube
scaling 16 bit signed pixels to floating point pixels
while limiting the range to [0,1200] and reversing
the order of the linesSwap bytesvill change the
byteorder toPC (little endian)

# Pixels: The number of pixels per line in the source file.
# Lines: The number of lines in the source file.
# Bands: The number of bands in the source file.

Header bytes: The number of bytes in the source file preceeding the image data.
Pixel type: Size and type of the source pixels.

Interleave: Structure of the source file: band, line or pixel.
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# Pixels, Lines, Bands:

Start pixel, line, band:

Output Pixel type:

Output Interleave:
Min, Max:

Flip left <-> right:
Flip top <-> bottom:

Apply scaling:

Swap bytes...

Output header bytes:

Reverse band order:

Reverse wavelength...

Scaling/Calibration:

Apply this scale and offset to

The subset of the source file to be reformatted.
Starting coordinates within the source file for subsetting.
Output pixel size. ILimit... is checked then output
pixels are kept within th®in & Max range, else they
are automatically limited to the range of the pixel type.
The format structure of the output cube.
The lower and upper ranges for limiting the output pixels.
Change the order of pixels within a line.
Reverse the order of the lines, i.e. first line last.
Modify each output band according to the type of scaling
selected irBScaling/Calibration. If checked then each band
is modified by: scale * band + offset.
This check box allows swapping the order of bytes within
16 bit and 32 bit pixels. Note that this applies to the output.
The source byte order is taken from the header and if it is
unknown you will be prompted for a best guess.
Directly copy the source file header bytes to the output file.
Output the bands in reverse order.
Also reverse the order of the output wavelength file.
This brings up the following user dialog which is used to
determine the type of scaling to be applied to the output.

TheApply scaling option checkbox becomes active after
returning from this dialog.

=—— Scale/Calibrate

A typical gains and offsets

every band Choose type of rescaling: file content: a pail’ of
1 S~ S T  values for each band...

- Or == Offset: |0.000 000716025 '00044436

Select a file containing a —f— ® sains/afrsets fite - 0.0054349 ~ -1.367508
. 0.00553983 -1.2478907
separate scale & offset pair fo (aneet) 0.00583894 -1.2276135

-ﬂI'ICB .:1- . .

each band. The number of 0.00571494 -1.1864042
pairs must equal the number of 0.00562544 -1.1921199
bands in the source file. 0.00553107 -1.5069996

Scale and offset pairs are
separated by a space or
tab.
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Converting a Library to a Cube File

HyperCube can create an image cube whose pixels g windows Heip
the spectral signatures from a library. This is accom- Browse...
plished viaUtilities->Library to Image Cube File... s
which is enabled whenevell#rary List window is front Narary o
most. Each signature is replicated into a square block (1ofotor - Name Editor... 25X Hle=
clarity). Blocks are placed side by side and row by row in
the same order that the signature names appear liibtiaey List. The total number of
blocks and their rectangular arrangement (per row and the number of rows) is initially chosen
by the program and can be edited by you. Null signatures are added to fill out the last row.
If you enter values that produce a block total that is less than the number of signatures in the
library then only that number of signatures will be converted.

After selecting.ibrary to Image Cube File... the following dialog appears:

Library -> Cube

Lib : Alib dib 1 1 1
¥ of signatures: 412 The structure of the library is determined by
Signature length: 431 reading the first spectral signature in the
Start wave: 350.0 nm . . . . .
End wave: 2500.0 nm Library List (see sectio®pectral Libraries
Delta wave: 5.0 nm
Block size: [16 The 431 band image cube will consist of 288

Horz blocks: (18
Uert blocks: |23

floating point pixels/line by 368 lines with the
last 2 blocks containing zero filled signatures.

Last row includes 2 null blocks.

The upper portion shows the structure of the library while the lower portion defines the
size of the resulting image cube. Note in this case that the total number of blocks (18*23) is
2 greater than the number of signatures, 412, in order to make the cube somewhat square and
that the resultant image cube file size will be almost 183 megabytes, (16 * 16 * 18 * 23 * 431
* sizeof(float)). These values can be edited amlark size of 8 (~46 MB) still yields a
usable image cube. The image cube is stored in band interleave by pixel (bip) format with
floating point values along with newly created header and wavelength filefRReftrenat
Cube File utility can be used to reconstruct a different format image cube.

If the Library List window already has attached spectral data, as is the case when opened
from aClassify window, then you are immediately presented with the save file dialog re-
guesting a name for the image cube. If the library list does not have attached spectral data,
i.e. opened usin@pen As..., Library, then there will be a delay of several seconds while the
spectral signatures are being loaded before the save file dialog appears.
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Converting a Library to an ASCII File

The currently active (front mostibrary List window

Windows Help

can be saved as a text file by choodihjties->Library to Browse...

ASCII File. You are presented with the following dialog

AE Self Test

Reformat File...

describing the size of the library along with several optio : Image Cube File...

defining the format to be used when generating the ASCI. color - Name Editor...

file.

Library -> Tet File

Lib name: Alibrary.lib

# of signatures: 412
Signature length: 431
Start wave: 350.0 nm
End wave: 2500.0 nm

Delta wave: 5.0 nm

Signature order:

@ Rows
(r Columns

[< Include wavelength as
the first row or column.

ASCIIFile...

The structure of the library is determined by reading the
first spectral signature in theibrary List (see section
Spectral Libraries

If Rowsis selected then each row will be a complete
signature (431 points in this case)Qblumnsis selected
then a row will consist of all of the spectral values for each
signature for a given wavelength (412 values per row
shown here).

Include Wavelengthadds an extra row or col-
umn at the beginning containing the wavelengths.

If the Library List window is already loaded such as part @iassify window then the
standard save file dialog is presented else there will be a delay while the library data is
extracted followed by the save dialog requesting the name of the ASCI| file.

Em: LibRow.text
A | B [ C [ D | E [ F ]
i 350 355 60 365 =70 35
2 n.0224 0.0228 0.0205 0.0208 0.0193 0.0197
3 0.025 0.024 0.022 0.0235 0.0213 0.0208
4 0.026 0.0z28 0.024 0.021 00216 0.0217
5 0.0239 0.0z47 0.0209 0.0238 00211 0.0z17
3 0.0243 0.0z22 0.023 0.022 0.0207 0.0223
7 0.0302 0.0z72 0.0263 0.0276 0.0259 0.0285
i n0.0201 0.0168 0.0172 0.016 0.0158 0.0173
9 0.0202 0.0176 0017 0.0158 0.016 0.0166
0 00178 0.0192 0016 0.0187 0.0158 0.0179
11 0.0308 0.0 0.0262 0.0294 0.0253 0.0266
12 0.0315 0.0291 0.0279 0.0263 0.0266 0.0255
13 0.033 0.0294 0.0283 0.0279 0.028 0.0256 . .
14 0.0207 0.0171 0.0177 0.0167 0.0158 0.0176 Small portlons of a Ilbrary saved
15 0.0z 0.0206 0.0196 o018z 00183 0.0189 .
16 0.0301 0.0263 0.028 0.0251 0.0256 0.0244 in row and column form respec-
tively and opened in Excel™. In
= LibColumn.tent = each case the wavelength option
= [ 8 [ € [ o [ E T F ]| .
1 350 0.0224 0.025 0.026 0.0239 0.0243 was |nC|Uded.
Z 355 0.0228 0.024 0.0228 0.0247 0.0z22
3 360 0.0205 0.022 0.024 0.0209 0.023
a 365 0.0208 0.0235 0.021 0.0238 002z
5 370 0.0193 0.0213 0.0216 00211 0.0207
6 375 0.0197 0.0208 0.0217 0.0217 0.0223
7 380 0.0188 0.0211 0.0203 0.0221 0.0197
8 385 0.0173 0.0198 0.0209 00212 a.021
9 390 0.0188 0.021 o018z 0.0232 0.0203
0 395 0.0171 0.0194 0.02 0.0221 0.02
11 400 0018 0.0206 0.0204 0.0238 0.0z08
12 405 0.0186 0.0217 00222 0.0252 0.0z14
13 410 0.0202 0.0234 0.0236 0.0273 0.0235
14 415 002z 0.0249 0.025 0.0295 0.0244
15 420 0.0229 0.0267 0.0271 00311 0.026
16 425 0.0251 0.0298 0.0288 0.0341 0.0z84
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Concatenate Images
Two images may be combined side to side or top to bottom to form Windows Help

a new single image by choosibiglities->Concatenate Images. The Browse..

images don’t have to be the same spatial size, the output will be siz¢ ::f:::if“e

the minimum dimension of the two. They must have the same pixel[ om0 S

depth, i.e. both 8 bit or both 32 bit. Class Map Editor...
The dialog below shows the result of combining two bands from

image cube that were first separated from the cube Osipticate in Change Window Title...

the Ed|t menu. :pptIyT;ansformation...’

Select Stereo Mate Images

Select two images. The second image will
be concatenated with the first either by
adding its lines or by adding its pixels.
Both images must have the same pixel bit
depth but may be different sizes.

7 Add lines to bottom
@ Add pixels to right

First image: | Frame 6.060 Copy |

Second image: [ Frame 6.069 Copy |

ok ]

Bands 60 and 69 from an image cube concatenated left to right.
The bands were first extracted from a loaded cub®uwuiplicate
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Concatenate Files

This utility allows you to make one continuous file from two or M Gifrey

files by reading each file and sequentially concatenating their conter

Windows Help
Browse...

AE Self Test

create a single new output file, e.g. combining individual Landsat fil

Reformat File...

bands into a contiguous BSQ (Band Sequential) cube. The source fi

Library to »

are not altered in any way. Compare this with the previously descrily

Class Map Editor...

Concatentate Images, which operates only on images loaded for

display. Change Window Title..
You start the process by selecting méhilities->Concatenate Apply Transformation...
. . . . X Test code »
Files which brings up the following dialog:
Concatenate Files
wil be Concatenated together toform one. Each button press displays the
e e Conee st 1~ Standard open file dialog. Any
generating any output. type of file may be selected.
8107.TIF =
Bamds 155,421.06 Link = — Each selected file is added to
S — the list. A selection may be
removed by clicking it and
([ cancel ] \ pressingDelete Selection
Ignore all selections and exit Display the standard save file dialog
without creating an output file. and solicit a name for the concat-
enated file.
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Changing a Window Title
It is often convenient to be able to change the title (name) of a W'm

Windows Help

dow without having to first do 8ave as... . An example is when Browse...
printing where the title can be changed to something more descriptiy- 2222t
and then listed below the output (see sedddnting and note below). = y
To perform the change activate the window and chbbiges- Class Map Editor...
>Change Window Title. This brings up the following dialog. e e P es
| el |
Apply Transformation...
Test code |4
Change Name
The current window title is:
Frames 5-8r
If CheCked and WindOW iS a Edit new window title below:
cube then the loaded bands will | [Fthood,[Frames 5-8r |
be renumbered starting at 1. &l Sequentially renumber the bands
e

The current window name&rames 5-8r
being changed to a more descriptive title.

Note: Window titles may consist of up to 63 characters, while file names are limited to 31
characters. You will be alerted when saving an image window with too many characters.
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Apply Transformation

The active image cube file can be transformed into another cube file

by mulitplying each spectral vector (signature) by a linear transform
tion in the form of an M x N matrix. The matrix must be an ASCII filg  aeserrtest

(File->Save As Text and and answering affirmative Katrix) or such Reformatfile...
as those optionally saved via menu itdmage->Convert Image-
>Principal Components, Functions->Statistics->Band Correlations Concatenate Images...
andFunctions->F(Signatures). The format consists of a single line
containing the dimensions of the matrix, (# rdais # columns) fol-

Windows Help
Browse...

Library to »

Class Map Editor...

Concatenate Files...

Change Window Title...

lowed by the M rows of the matrix with each of the N column elemeri.testcode 3
separated by a space or tab and ended with a return. An example of a
4x3 transformation matrix is:

4 3

4.6864242694e-01
5.0310142892e-01
5.0999322932e-01
5.1688502971e-01

-6.9847956895e-01 2.5492193504e-01
4.5755700310e-01  7.0505069625e-01
-2.8597312694e-01 -3.8238290256e-01
4.7009281141e-01  -5.4009410160e-01

Algebraically, the following occurs:

AP =B for the forward transformation
AP1l=B for the inverse transformation
APT =B for the transpose transformation, where

Ais each 1 by M spectral signature in the source cube
P is the M by N transformation matrix
B is each resulting 1 by N new spectral signature
P1is the inverse of matrix PR the transpose of P

If the Output complement option is checked then A - B is formed.

You can use less than M rows or N columns of P, the unused rows are treated as if they
are zero and unused columns reduce the output vector dimensiorcadsl Xhis allows
you to construct an output cube using just the first significant vectors (columns) of a matrix
file (see sectionBnage to Principal Components andF(Signatures)).

Apply Transformation

reduce output # of bands to cols).

An M x Nmatrix file transforms the source file’s
enabled bands {1 x Mvectors)into a new Nband cube
file. Less than M rows and N columns may be used
{unused rows are treated as if Zeros, unused columns

drll

Source Cube File: 308 pixels, 960 lines
210 bands, 160 enabled

[(select Matrix File... | [Matrix.gs (160x10) |

@ Forward: enabled bands x matrix

Cancel

# Matrix rows: and cols: to use

) Inverse: enabled bands x matrix inverse
() Transpose: enabled bands x matrix transpose

B Output complement (source - transformation)

Transform.:

The source cube that will be transformed.
The transformation matrix to be applied.

The number of rows and columns of the transfor-
mation matrix to use. In this case all of the rows
and columns will be applied. Settinglsless

than the number of enabled bands reduces the
output cube to the same depthcats

— Generate the new transformed cube file.

It will be in BIL floating point format.
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Applications

Shaded Relief

An image can be rendered into a synthetic image that depicts the e
of uniformly illuminating it with a parallel light source, e.g. the Sun. EacBllELEIES

gray value, or its associated (attached) data (see seRtwndviultiband,
NITF Files, TIFF Files), is interpreted as an elevation that intersects and

Stereo Mate...

Perspective...

reflects the light source as a function of the angle of incidence between the light and the
slope of the elevation. ChoosiAgplications->Shaded Relief... when a gray image is the
front most window brings up tHghaded Relief dialog. Any excluded pixel values are
ignored when computing the initial x and y slope scales (see s€cti@nExclusion).

Elevation angle above the

Shaded Relief

data plane of the light
source.

The denominatorm

Compu“ng the Slope In the L— Xslope scale: Y slope scale:

and Y directions. Initial

values are computed from the
average slope within the
image. The lesser these value
the greater the shadowing
effect.

Sun elevation is measured from the horizon
and azimuth is COW from the X (East) direction.
If Anaglyph is checked, Parallax is used to
contruct a matching left, right stereo pair and
red, cyan image. Parallaxis in pixels.

\Elevation: Azimuth:

[J Anaglyph, Parallax:

:

Heading angle measured
CCW from the east or
positive X direction.

/

If Anaglyphis checked then a red:cyan stereo anaglyphic image is also generated
using the specified Parallax value. See sec@tmneo Matdor an example.

DTED

=)=

-
“a

O SRIEdS Al == H
I A =]
TI'.N

iy o

Lt

]
Led .

B ; =
Vil ;_‘ -
al Rz

Gray image representation of data used to ResultingShaded Reliefvith the light

generate th&haded Reliefimage shown to

the right using the values
above dialog.

defined in the

coming from the upper left 45 degrees above
the “horizon”. The fine vertical striping is

part of the data and not an artifact.
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Stereo Mate

A Base image along with aData image representing elevation that is rrT—
spatially registered to thgase image can be used to form a new version off™ shaded reliet.. |
theBase image with elevation induced displacements. IfBhse image is [IEEERIITN
8 bits and is used as the red component an8téreo Mate as the greeand
blue image components. The resulting color anaglyph can be viewed in stereo with red and
cyan glasses. If thBase image is color theStereo Mate will also be color and if placed
along side of each other as narrow strips you can view with a pocket stereoscope.

Select Stereo Mate Images

Select two images. The base image forms
the stereo mate and the data image
represents a registered elevation matrix.
The scale determines the vertical

: Multiplicative factor applied
exaggeration.
/ to theDataimage
Base image:

Data image:

If the Base image is a cube band

scale: Oenrecre 4 then this check box allows generat-
Itﬂ?e iusgzreo mate for every band in

An anaglyphic stereo
image generated by using
R,G,B to Colorand
selecting red as the base
image and blue and green
as the stereo mate. View
via red and cyan glasses.
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Perspective
A Data image of elevations can be reconstructed as if viewed from almg

any perspective by applying basic photogrammetry. If there is a corresp Elfc.gt.m
Base image, i.e., each feature pixel is one-to-one with an elevation then thetereo Mate..
features themselves can be drapped across the elevations to yield a diffef€
perspective. The process is initiated by seled@®argpective... from theApplications

menu which displays the following dialog. All values may be interactively modified.

Perspective...

HEe=———————— Perspective=——————— 8

Select two images. The Base image forms the
perspective and the Data image is a registered
elevation matrix. X,Y,Z is the perspective point.
Omega, Phi and Kappa are the sequential
photogrammetric angle rotations about X,¥,Z.

Base image: | Shaded Relief 5
Data mage:

Z
Kappa

N

Image point

Focalllength —
—— Perspective point

x:fg][11250 | v:[gf[19d00 | zfg][nizs0 ] inc: Omega
[ Generate a Start -> End sequence, #: @ Startpos. © End pos. (1\ X
omega: [5][-32 | phi: [g]lo00 | kappa:[g]foc0 | inc:[100 ] DTED point

[ Link Omega & Phi to X,¥,2
Data scaling: Focal length: @11250 | inc: [100 ]

Phi

Y

Base Image: Feature image that is transformed into the perspective viewDdize
image may also be used if i®ase image exits.

Data image: An image whose pixels are interpreted as elevations. See deation

Starting pos.:  The coordinates of the perspective or view point relative t@dse
image. The origin is the upper left pixel with positive X in the right
direction and positive Y moving downward. Z is above the image.
After selecting thdase image, X,Y,Z are preset to above the middle of
theBase image at a height of the maximum #fandY. You can readily
edit these values. Note th&fy,Z is a point, not a direction, that is
determined byDmega, Phi andKappa.

Ending pos.: If Generate a sequence, below, is checked then this is the ending
view point of a uniform set of view points and angles that will be used to
generate a synthetic cube movie.

Generate a sequence: If checked thew equally spaced view points are constructed and
assembled into a cube.

Omega, Phi, Kappa: The rotations about the X, Y, and Z axes respectively in degrees.
If Link Omega & Phi is checked then the perspective orientation is
fixed pointing to the center of tigase image. Therefore, &equence
will produce a fly-by perspective with an invariant center.
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Link Omega & Phito X,Y,Z:  If checked thet©mega andPhi are automatically
computed as a function &fandY so that the perspective view is pointed
at the center of thBase image. You can check this box to force a
centered view, click a®utline button and then uncheck it to modify
Omega andPhi manually for a more desirable view. SeeGhaline
buttons described below.

Data scaling:  The multiplicative factor applied to the Data. The smaller the number
the “flatter” the perspective appears. Usually, a value of .05 is a good
starting point. The larger the scaling the more exaggerated the effect of
elevation and the longer the computation time.

Focal length: How far behind the perspective point the imaging plane lies. The greater
the focal length the larger the nominal magnification. A siadial
length is analogous to a wide angle lens. The initial value is set equal to
theZ coordinate and produces a one-to-one scale.
Changing thd-ocal length does not change the output image dimensions.

Reset: Set the perspective back to the initial starting values as if viewing
the image from a point directly over the center with no rotations.

Perspective: Generate the perspective image(s).

1=
i)
O

Perspective Yiew =—H1 B

,;:'y
A shaded relief image generated from The reconstructed perspective image
elevation data is used as tBase image using the photogrammetric parameters
and provides the features that will be entered into the previously described user
viewed from a different perspective as dialog.

shown to the right.
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O=————————————————"Perspective=————FH H

Select two images. The Base image forms the
perspective and the Data image is a registered
elevation matrix. X,Y,Zis the perspective point.
Omega, Phi and Kappa are the sequential
photogrammetric angle rotations about X,¥,7.

Base image: | FTH21_24.061 =]
Dataimage: [dtedtoband64 | 3

X: |e||153.53| v: |e{|255.aa | z: @|329.aa | inc: [1.88

[ Generate a Start -> End sequence, #: @ Start pos. 3 End pos.

Omega: |$“53.2? | Phi: |$“a.aa | Kappa: |e“a.aa | inc:||.aa |
[ Link Omega & Phi to X,Y,Z
DTED scaling: Focal length: [2][1280.0( inc: [1.68 |

The above dialog was used to select and generate the perspective image
shown here. Both images were then rotated 180 degrees to produce the

final views shown below. Note tHahk has been selected to force
pointing at the center of the source image.

Band 64 Perspective
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Radiance

This application processes thermal images, generally in th gyl imase Functions util
range of 3 to 18 microns, that are in radiance units ofnt. :::;"J;:f
Structurally, there is no distinction between a thermal image C| parspective..
and a visible to SWIR cube, only the wavelength definition. Radiance >
HyperCube allows you to generate a temperatureiiaage and e
optionally, an emissivitgube. The temperature is derived by comparing the radiance of each
image cube pixel with the radiance of a series of black body curves. The closest match, via a
user specified tolerance, produces the temperature for that pixel. There is also Rlutility,
BB Curve, that can display a black body radiance curve for any given temperature.

Shown below are the various user dialogs that are available. Note that the routines
require wavelengths to be in micropsn() but that the temperature can be in centigrade,
Kelvin or Fahrenheit. Any questions regarding the applicability of these functions should be
directed tcevans@tec.armymil.

=——"Plot Black Body Curve —i——= O BB Plotl =————=HIH
Enter the wavelength_endpuints inpm 2m Value Elack body at 200,00 K°
anq the tempera_ture inthe selected ppp— tmie 4] 995 27
units for the desired black body Tasstommae |5
74571 23309 d
Initial wavelength: |7.433 T4£92 93503
74213 93695 49763
Ending wavelength: 74933 B8IBE6
g g 75054 24076 245 87
Temperature: 300.000 7EI7S g4z2es ||
@K OC QOF 75295 24452 | 268
O scal e 74330 29742 105155 12,0567 13.597
cale
Plot Black Body Curve " "—o [0 =——---——— BB PIot’ =————[HH
Enter the wavelength_endpuints inpm 2m Value Elack body at 5900.00 K°
anq the tempera_ture inthe selected 02000 =] 293409
units for the desired black body 04041 PerasEE % 2 200e05
04052 26055512 e
Initial wavelength: |4 04123 2706178550
04164 ZrEMaEsa| |1 48e+09
Ending wavelength: |2, 04203 Z753149328
g g D4z ZTEEHEEl | 7 zo.e0s
Temperature: 5900.000 o427 ZrEFveml |
®K OC QF D4zzE 2255w w | o poeson
O scal O 10x 04000 05240 14479 15719 24559
cale

Applications->Radiance->Plot BB Curdgalogs, on the left, and their corre-
sponding black body radiance curves on the right for the given temperature
and wavelength ranges.
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MenuApplications->Radiance->Emissivity displays the following dialogs. The de-
fault values shown were used to produce the displayed outputs from a thermal image cube.

Emissivity ="———— =———~——— Emissivity Options

Athermal radiance cube is used to generate a Black body fit parameters:

black body {EB) temperature image (data) and Initial temperature: |35|]_|]|]|]|] (InitT)

mask. The BB curves may be applied to the cube o

to construct an emissivity cube file. UEPERETR AT ERS0R 2.0000 (DSTEF)
Ref: evansitec.army.mil for algorithm details. Temperature diff limit: 0.0050 (DLINM)

[ Plot min, max & mean temperature BB curves Emissivity target: |0.990 {ELIM}

[ Construct an emissivity image cube file _
[] Add temperature image as cube’s last band [ Use Downwelling Rad Sig Load DRS

[4 save temperature image & mask Pre-computed black body table {K*):
# Mask deviation from mean temp |2.l]l]l]

) Mask percent of distribution: 1.000

Minimum temperature: 273.000

Maximum temperature: | 350.000

Temperature image units: @& K* O € O F° Temperature delta: |p.0500

(] o)

The output image at left is a mask showing the warmest, red, and coolest, blue, regions
within the thermal image cube, i.e., those temperatures 2 or more deviations from the mean.
At right is a shaded relief of the temperature image that has been similarly coded. The
coolest region coincides with a creek. Below is the histogram of the temperature data image
in units of degrees Kelvin.

Min: 29928 Mode : 304,76
Max : 323.03 Median: 310,63
Mean: 31039 Sum: 10323032 SD: 4.33

Se+02 ROAD_BLOCK1 Ternp K2 Histogram 3.2e402
coords: (1,10 - (127,267
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Miscellaneous

Icons

HyperCube has a family of 8 Finder icons. Five of these are regular Mac data types and
represent TEXT, JPEG, PICT, TIFF and Sun Raster Format files. The other three represent
the HyperCube application, unformatted binary data and PhotoShop™ convolution kernels as
shown in the figures below.

HyperCube application icon.

Hyper ASCII text file, e.g.;*.hdr, *.wvl.

L]
L=
o
1]

¥ Esl B
Image files saved in JPEG, NITF, Pict, SRF, and TIFF formats.

Unformatted image file saved Raw.

PhotoShop™ convolution kernel of tyBBCK.

Ei i K

Double clicking an image icon will automatically launch HyperCube and the load the corre-
sponding image. Similarly,’*awvl or*.hdr icon can be double clicked as well.

TheWindows version does not have an icon family, only the application has an icon.
Any HyperCube documents must be opened within the application.

Error Messages

When HyperCube detects an internal error such as
running out of memory it generally can recover eno gim Couldn't allocate classifier storage.
to allow you to at least save and print. There is one
serious type of error dialog that may be presented
indicating that an immediate exit is warranted. But i
you have generated some result that just must be savi&ge (e#it program] - {[Continuet (crash?))
or printed then HyperCube can be forced to continue=at
risk of an immediate crash. Generally, the exit path should be taken especially if it is fol-
lowed by another dire warning.

This error message will not appear in Wmdows version.
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Capturing the Screen

The contents of the main display screen may be captured at any time other than a modal
dialog (i.e. those demanding attention) by simultaneously pressing the command 1(one) keys
(Ctrl 1 in theWindows version). This creates a new true color window of the entire display
that may be saved like any other pict image. Note that a full screen color window requires
approximately 2MB for 832 pixels by 624 lines. HyperCube checks for sufficient memory
and warns if it is insufficient.

Additionally, in thewWindows version you can automatically copy the entire active win-
dow to the clipboard by depressi@gyl-Print Screen. Then choos€ile->New... followed
by Edit->Paste to place it in a window where it can be saved.

Saving and Copying Scrollable Lists

Any window which has a scrollable list, e.g. spectral plot, band correlations, that does not
contain a specifiSave button may still be written to a file by selectiSgve from theEdit
menu. This will bring up the standard file save dialog. The data will be formatted as tab
delimited ASCII text and can be reread by any application that reads text. Also, this same
scrollable list may be copied to the clipboard as tab delimited, c/r terminated lines of text by
choosing thé=dit->Copy menu and thepasted into another application.

Loading/Saving Text Files

Any small text file can be opened and displayed in a scrollable list. This is especially
useful for examining header files. The file is opened by choosing RilensOpen As and
Text from the fromat dialog popup. It can then be editaat,(Copy andPaste) and
resaved. The up and down arrow keys and the page up, page down keys are used to navigate
through the text. Choosirtgle->New... and selecting th&ext option will open a blank
Text window that may be typed into and saved as text.

An image or any selection may be saved as an ASCII text file by choosingriteenu
>Save As andText as the format (and optionally as a matrix, see seéfupty Transfor-
mation). The pixels are tab delimited with each line followed by a return. The size of the
resulting file may be 4 or 5 times larger than the source.

Note: Any embedded zeros within a text file are automatically removed when the file is
read. Carriage returns on théndows version are followed by a newline character.

O=——gdmadtedhar —BB| Usingmenu File->Open As, Texnd selecting ® TED/Data
samples = 512 header file results in the window at left. This may be edited and
e saved, functioning as a simple word processor. Dragging the
i cursor within the window’s content area will automatically scroll
e exposing additional lines as will the arrow and page keys. Text
numpixels = 512 will either wrap-around or limit itself to a line if a carriage
it arter ~ b1g endian return occurs within the width of the window. The window may
rareant = 00" be resized as necessary.
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HyperCube Menus

7 ﬁ File Edit Applications Image Functions Utilities Windows Help

BT Avolication: Functions Utilities [ Functions JUITICRRCIU I Utilities [UTEINERNLAIN Windows [T
Undo #®E Convert Image » Flicker Cube Erowse... Show Info
cut X Add to Cube... Flicker/Superimpose... AE SelfTest Show Band List
Copy = aitaehinata s Statistics » e ——— v gl
Paste By Zoom In ®+ Plot » - Tulips
Clear Zoom Qut - - - Library to » Color cube
Select All A Flip > Arithmetic... Class Map Editor-.. Bands r3,g2,b1 Link
Duplicate %D Rotate > Pt ) e Bands r3,02,b1 Link Copy
options > Shift 4 ey Concatenate Files...
Color Map... Calibration... Change Window Title...
G_ray fian F{(signatures)... Apply Transformation...
Filter » Fourier... Test code »
Iﬂu Edit Applications Magnify Image » .
New N Embed Wavelength :‘::'“ BrowseandAE Self Test
open As.. Cube Color Composite P are inMac version only.
Load Selection... #L it
E:OSE an EW Shaded Relief... |
ose . .
cove s stereoMate.. | TheWindowsmenu will
Save As... Perspective.. SeeTable of Contentsection containCascadendTile in
Save Bands... Radiance » . . . ) i
page Setup.. Applicationsfor details. the Windowsversion but not
Print... =P . theMac version.
Quit zq | Open As..is aMac T
only menu item.

The availability of a specific menu function is directly keyed to the current active win-
dow. If anitem is not enabled and you think it should be, it's most likely because it is not
applicable to the front most window or is ambiguous. For exafapieed Wavelength is
enabled only when a cube window is front, likewise@tassify. Fourier and other opera-
torscan only be used when an image window is activeGordrert Image is very depen-
dent upon the active window’s bit depth.

Some menu functions produce operators that become attached to the window that is
active. Color Map, Gray Map, Filter, Flicker Cube, andFourier are examples of attached
operators. When the parent window is closed the operator window disappears.

Although Browse andAE Self Test are enabled they are related to future inter-applica-
tion capabilities.

2k HyperCube [_ (O] x|

File Edit Applications |mage Functions  Utilitiez  Windows  Help

Windowsversion mairMenu Bar.
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File

New...  Create a new empty image window that can be used to paste the current
clipboard. You are presented with the following dialog options which
are preset according to the contents of the clipboard.

Pixels  Width of window
Lines Height of window

New Window

window size: Pixels: [320
Lines: |240

window type: Text Create a new Text window
e Image  Create a new Image window.
@ Gray scale
) Clipboard palette . i
O True color Gray scale 8 bit gray window
Cokay ) Clipboard... 8 bit pseudo color window

True color 32 bit full color window

Open... Presents the standard Mac open file dialog showing only Pict type files.
Open As... A modified open file dialog which includes TIFF and other image files.

Load Sel... Available when an overview is front most. Brings up the last dialog
used to open the source image with the requested size fields set to
correspond to any selection rectangle that appears on the overview.
See sectio®verviews.

Close Close and dismiss the currently front most window. Any modified
window first presents an opportunity to save it.

Close All Closes all open windows.
Save Save the current active image window as a Pict file.
Save As... Present a modified save dialog allowing you to save in Pict and

other type formats.

Save Bands... Sequentially save each band of a cube file window as individual

Pict files.
Page Setup...  Bring up the standard printer setup dialog for the chosen printer.
Print... Display the print dialog and print the contents of the front window.
Quit Immediately exit HyperCube. No warning is given to save anything.
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Edit

Undo Not implemented in the present HyperCube version.
Cut Also not implemented as yet.

Copy Copy the current front window to the clipboard. If a selection rectangle is
present then copy just its contents.

Paste Paste the contents of the clipboard to the front window. You can position it
before embedding.

Clear De-toggles enabled items in Library list, Classify points list and Cube points.
Select All Toggles on all items in a Library list or Classify points list.

Duplicate Make an exact copy of the current front window contents but not its
functionality. Equivalent to performingopy, New andPaste.

Options A submenu with the following sub-functions.

Options 1+ Sound

Detailed Messages
List Allocation
[0,0] Image Origin

Anchor to Upper Right

Mag./Rotate Interp b+~ Geneva 9

Color Selector... Geneva 12
List Clipboard Contents System 12
Image to Ref Coords... Bold
Pixel Exclusion...
Sound Toggle alert sound on/off.
Detailed Mess... Toggle debug info on/off.
List allocat... Display a snapshot of internal structures.
[0,0] Image Origin  Change the upper left coordinate origin from [1,1]
to [0,0]
Labels A submenu specifying the font, size and position of
dynamic labels (se@ynamic Displays and Plots).
Mag/Rot Interp...  Interpolation for magnify and rotate (skeeage menu).
Cotor Sefectores | Bilinear
List Clipboard Contents Cubic
Color Selector... Display the selection point to color correspondence
editing window.
List Clipboard... What's currently in the clipboard.
Image to Ref... Display a dialog defining the correspondence between
an image coordinate and a reference coordinate.
Pixel EX... Displays a dialog specifying certain pixel values that

are excluded from histogram computations.
See sectioRixel Exclusion.
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Image

Convert Image A submenu used to change the structure of an image.

R,G,B to Color...
H,5,l to Color...
Indexed to Color
Complement

Color to R,G,B
Colorto H,S,1
Color to Indexed
Replace Color...
Image to Mask...

Grayscale
Hist Equalize
Hist Equalize (ea.color)
Principal Components
Color to Cube
MNew Cube Link...
ColonTable

w

S L

R,G,B to Color...
H,S,I to Color...

Indexed to Color
Complement
Colorto R,G,B
Color to H,S,I

Color to Indexed
Replace Color...
Image to Mask...
Grayscale

Hist Equalize
Hist Equal ea.

Principal Comp...

Plane to Cube

Color to Cube

New Cube Link...

Color Table

Select 8 bit images to form a color image.
Select 8 bit hue, saturation and intensity
to form a color image.

Changes 8 bit pseudo color to true color.
Complement a color image.

Separate a color image into planes.
Separate a color image into hue, saturation
and intensity.

Change true color to pseudo color.
Substitute one color with another.
Change a specific color (gray) to a mask.
Convert color to gray image.

Construct histogram equalize image.

As above, but each color separately.
Convert color to principal components.
Use a gray image as cube base. This
menu item toggles witolor to Cube.
Convert true color image into a 3 band
image cube.

Change the present cube color composite
link.

Change present 8 bit pseudo color table.

Attach Data... Retained data from one image is copied and attached to another image.

Add to Cube... Presents a dialog list from which to choose images for a new cube.
Zoom in Magnify the current image window by 2.

Zoom out Demagnify the current image window by 2.

Flip A submenu allowing images and cubes to be reversed and reflected.

Left -> Right
Top -> Bottom
Band Order

Left -> Right  Reverse the pixels within a line.

Top -> Bottom Reverse the order of the lines.

Band Order Change the loaded bands within a
cube so that the last is first.

Rotate Multiple 90 degree rotations of image and cube windows.
Bew 90 cw Rotate image or cube 90 degrees clockwise.
180 cw 90 ccw 90 degrees counter clockwise.
cnerl- 1 180 cw 180 degree rotation.
General User input of rotation.
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Shift Left and right pixel and line cyclic shifts of image windows.
L ﬂ L(_aft Sh?ft gll pixgls or only even pixels right 1.
Up Right Shift right either all or only even.
Down . .
Up Move all lines up 1 line.

Down Move all lines down 1 line.

Color Map... Display interactive dialog of color balance controls for color images.

Gray Map... Change the contrast and brightness of any image or cube window.

Filter A submenu of static and interactive spatial domain image filtering.
Static 5x5... Display a static 5 by 5 kernel

convolution static dialog.
Dynamic 3x3... Display an interactive 3x3 kernel
convolution dialog.

Magnify ... Toggles betweeMagnify Image andMagnify Selection
depending on whether the active image window has a selection
rectangle. Generates a new magnified/minified view of the image or
selection rectangle by the factor chosen in the submenu.

Embed Wave... Write the wavelength into each band of the loaded cube. Useful
beforeSave Bands function.

Cube Color Composite A submenu enabled when a cube image is front.
Generates a true color image using the values §sgfinitions... to
determine which bands of the cube file to use. The new color image
is automatically linked to the cube (see sectiGakbr Composite
andClassify Functions).

specific wavelengths | Snacific Wave Use the 3 closest bands to

Interval Wavelengths

Definitions... the values set iDefinitions...

Interval Wave Integrate all bands lying in
each interval to form the
red, green and blue
components.

Definitions... Display a dialog allowing
you to specify the red,
green and blue wavelengths
for a cube color composite.
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Functions

Flicker Cube Generate a new cube window devoted to flickering between bands.

Flicker/Superimpose  Display a dialog of image names from which to choose the
sources for an image flicker or image superposition.

Statistics A submenu of statistical functions to be applied to the current cube.
Pair Correlations... Pair Corr...  Cross correlation computation between 2 images.
and Correlations... . .
Band Corr... Cross correlation between successive cube bands.

Plot A submenu of graphical operators.
B gro  tod Pointer Histogram Perform a pixel distribution histogram of
Spectra (Dynamic) the current image or cube.
peatter.. Spectra (Se...  Display the spectral plot window for the

selected active cube points.
Spectra (Dy... Dynamically display a spectral plot as the
cursor moves over a cube.

Scatter... Generate a 2 dimensional plot of the
pixel distribution between 2 images.
Profile Draw a gray level density plot of the active

image profile line. If the image is color

draw plots for red, green and blue.
Scaling... Selectable when a plot window is active.

Allows you to change the plot vertical axis.

Arithmetic... Open an interactive window allowing you to execute arithmetic
expressions involving 8 bit images.

Overlay Color... Generate a composite image from a mask and base image.

Adjacency... A submenu for comparing and outputting spatially near pixels.
Classify... Open up the classification dialog window for the current image cube.
Calibration... Open the calibration dialog for the frontm&3assify window.

F(Signatures)... Compute eigenvector matrix Glassify signatures.

Fourier... Display an interactive dialog to perform frequency domain filtering
upon the current 8 bit image window.

Mosaic... Display an interactive dialog to select and control the merging of
two or more images into a composite assemblage.

Warp... Display an interactive dialog to select and control the geometric
transformation of one image to another.
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Utilities

Browse...

AE Self Test

Reformat File...

Library to

Presents a list of running applications on the current network. For
future distributed processing.

HyperCube sends an Apple Event message to itsdlietHiled
Messages (Edit menu) is toggled on then the details of this message
are shown. Not ilVindows version.

Open a dialog for reformatting the spatial and/or pixel type of a file.

A submenu to convert the current front most library list window into

Image Cube File...

an image cube file or an ASCII text fill joo3% o>

Class Map Editor Enabled when a classification image is front most. Permits

changing the region color and name association.

Concatenate Images... Display a dialog allowing you to select two images that

will be concatenated in either pixel or line order to form
one new image.

Concatenate Files... Display a dialog allowing you to select multiples files

to be concatenated into a single sequential new file.

Change Window Title...  Solicit a new title for the current active window.

Apply Transformation... Multiply a cube file by an orthogonal transformation.
Windows

Show Info Display a small dynamic window that shows various HyperCube

Show Band List

Cascade

Tile

“Names”

details as the cursor passes over other windows.

Display a listing of the wavelengths of the current image cube and
allow you to set the status of various bands.

Windows version only. Arranges all of the open windows in an
overlapped diagonal order.

Windows version only. Resizes and rearranges the open windows in
a row by row pattern.

A dynamic list in order of creation of HyperCube windows. The
front most window is preceded by a check mark.
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Index

Symbols

% 14, 24, 25

*.c2n file 103

*hdr 12, 110, 112, 127
*wav 110, 112, 127

.ev 94

.gs 94

.pm 94

wav 23, 64

wvl 23, 64, 110, 112, 127
[0,0] 34

[0,1] 15, 71

[1,1] 34
{constant,constant,constant} 49
180 cw 132

8BCK 127

90 ccw 132

90 cw 132

A

Abs diff 78
Add to Cube... 132
Adjacency 52
AE Self Test 129, 135
Affine 63

image to reference 22
Algorithms 78
Anaglyph 120, 121
Arithmetic 91

sequence 49
Arithmetic operators 48
Arithmetic... 134
ASCIl 60

Saving images 128
Asterisk 23
Attach Data 41
Averaging

spectral plots 76
Azimuth 120

B

Band Correlations 43, 134
sequential 43
specific 43

Band List 78, 107

Band list
revert 65

Band Order 30, 132

Band Scrolling 66
Binary 39

Black body 125
Block size 114
Brightness 27
Browse... 129, 135
Byte 109

Byte order 13, 112

C

Calibration 106
Cascade 135
Class Map Editor
ESRI Shape Files 7
singularities 55
Classic 5
Info window 34
Pict 6
Classifications
principal components 36
Classify 54, 55
Classify Each 85
Classify Mean 85, 96
Classify... 78, 129, 134
overlays 91
Classmap Editor
Color to Classmap 41
Clear 26, 71, 131
Clear Lib 71
Close 130
Close All 130
Coefficients 25
Color Balance 29
Color Composite 83, 87, 133
Color Image 88
Color map
histogram 44
Color Map... 29, 129, 133
Color Mask 88
Color overlay 38
Color Selector 85, 87, 100
Color separation 39
Color Table 132
Color to cube 69
Color to Indexed 37, 132
Color to Library 100
Color to Planes 35, 132
Columns 119
Command-option-C 38, 73
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Complex data
HDF 8
Concatenate Files 117
Concatenate Images 116
Constructing a cube 69
Contrast 24, 27
Control-click
profiles 47
Convariance
noise 81
Convert Image 132
ConvertToMovie™ 110
Convolver
3x3 32
5x5 32
offset 32
scale 32
Coordinates 34
Copy 26, 131
Copy color 73
Corner coordinates
image to reference 22
Corr coef 78
Correlation 42, 43
pairs 42
Countable 87
Covariance 43, 79
pairs 42
Crash 127
Cut 131

D

Delete 26, 27

Density plot 47

Deriv diff 78

Detailed Messages 6, 10, 11, 131
HDF tags 8

Difference image 89

Difference plot 90

Double clicking 64

Dpi 111

Drag & Drop 77

Dragging a selection 26

Duplicate 26, 109, 131

Dynamic Displays 71

E

Edit 71
Eigenvector 94
Eigenvectors
signatures 94
Elevation 120
Embed Wavelengths 110, 129, 133
Emissivity 125
Enable Dynamic Display 102

ENVI®
header file 19
Error Messages 127
ESRI 7
ESRI Shape File
exporting 103
Euclid distance 78
Excel™ 43
Export shapefile 105

F

False alarm 96
False hits 54
Filter 133
Filtering
3x3 31
5x5 31
center 32
convolution 31
diagonal 32
edge 32
frequency domain 56
spatial 31
Flicker Cube 67, 134
Flicker Image 67
Flip 30, 132
Floating point 13, 109, 112
Fly-by 122
Focal length 123
Form Neighborhood... 84, 96, 98
Fourier 78
no DC 78
phase 78
phase delta 78
Fourier... 56, 129, 134
high boost 57
low pass... 57
power spectrum 57
Frequency
histogram 93

G

Gains & Offsets 16
Gains & offsets 113
GeoTIFF 11
Gram-Schmidt 94

Gray Map... 27, 129, 133
Grayscale 132

Green dot 97

Ground truth 88, 96
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H

Harmonic 78
HDF
Hierarchical Data Format 8
Header 12
*.hdr files 19
saving 14
Header file
image to reference 22
Histogram
color mapping 29
exclusions 45
file 44
gray mapping 29
of classifications 90
Plot 134
window 44
Histogram equalization 40, 70
Hit rate 96
Hotelling 36
H,S,I 35
Hue... 35

Icons
appl 127
Pict 127
Raw 127
Text 127
icords
keyword 21
Image Arithmetic 48
** gperator in 48
abs,...,atan2 48
remapping 49
shift_left... 48
Image cube
adding to an 69
constructing an 69
Image to Mask 39
Image to Reference 105
change in origin 22
Indexed to Color 37
Info
band statistics 43
Info Window 34, 71
cursor position 34
NITF coordinates 10
Show Info 34
spectral coords 71
Interleave 15, 109, 114
Interpolation 63
Interval Wavelengths 70

J

JPEG 10, 11, 37
baseline 9
compression 9
markers 9

K

Keywords
definitions 20

Kmeans 78, 82
class color 82
classes 82
iterations 82
options 82
plots 82

L

Latitude 59
latitude 21
Left 31
Left -> Right 30, 132
Lib Key 100
Lib:File
match lists 100
Library to Cube 114
Library... 84, 99, 114
List 114
Linear 27
correlation 42
Link 41
Link to Cube 35
Linked image 83, 133
List allocation 131
Loading
by double clicking 64
Longitude 59
longitude 21
LZwW 11

M

Mac version 8.6 5
Mag Interpolation 131
Magnify

bilinear 33

cubic 33

minification 133

replicate 33

selection rectangle 33
Magnify Image 133
Magnify Selection 133
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Mahalanobis
classifier 78
classify 78, 80
distance 78, 80
list 78, 80
parameters 86

Mask 38, 39, 51, 132

Match Criteria 87
Countable 87

Matched filter 79
abundance 78, 79
mask 78

Matrix 119
eigenvector 94
orthonormal 94
projection 94
save 119

matrix
save 128

Mean signature 89

Menus 129

Method 99

More Options 89

Mosaic 58
control 61
options 61

Multiband 12

N

New... 27, 130
NITF
coordinates 10
mono 112
Overviews 18
reformatting 112
Saving 109
Non-linear 63
NTSC 37

O

Omega, Phi, Kappa 122
OpenAs... 6, 114, 130
Open... 130
Operator 29
Options 131
Orthogonal 58, 63
Orthonormal 94
0Ss X
Info window 34
memory 5
Pict pseudo color 37
TIFF 6

Outline 59
Overlay 51
Overlay Color 54
Overview
Load Selection 130
TIFF 10, 11
Overviews
scale factor 17
scaling 17
selection rectangle 17
starting band 17

P

Page Setup... 111, 130
Pair Correlations... 42, 134
Palette 73
Paste 26, 131
Percentage 87
Permutations

planes to color 35
Perspective 122
PhotoShop™ 32, 127
Pict 26, 127
Pixel Exclusion

histograms 44

shaded relief 120
Pixel type 13, 109
Plane to Cube 35
Plane to plane 58
Planes to Color... 35
Plot 99, 134

profile 47

scatter 134

spectra 71, 77
Plot Scaling 71
Plotting Signatures 106
Power spectrum

compression 57
Premiere™ 110
Principal Components 36

Apply Transformation 119

signatures 94
Print Image 111
Print Window 111
Print... 130

spectra 76

windows 111
Profile 47

Control-click 47
Projection 94
Projection matrix 94
Pseudo color 37
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Q

QuickTime™ 110
Quit 130

R

Radiance 125
Radius 52

Raw 12, 109, 127
Redo stats 81

Ref 106

Reference coords 19

Reformat Cube File... 110, 112, 114, 135

Reformatting 112
Multiband 112
NITF 112
Raw 112

Remap bands 25

Remapping 25

Replace Color 38

Residuals
example 62
warp 62

retain data
keyword 21

Retain source
Attach data 41
constructing a cube 69
dialog 15
Fourier 56, 57
header 14
histograms 44
multiband 14
Multiband dialog 15
NITF 10
overviews 17
profiles 47
Raw 12
raw 14
Raw dialog 13
Saving Images 109
Saving overviews 18
statistics 42
TIFF 10, 11

Right 31

ROC 96

ROC curve 85

ROC Mask 88

Rotations 30, 132

Rows 119

Rubberband 28

S

Saturation 25
Save 130
images 109
Overviews 18
signature 85
Save As... 130
Save Bands... 110, 130
Scale 15, 71
gains & offsets 113
spectra 76
Scatter... 46, 134
Screen capture 128
Search
classmap 103
Search Domain 84, 99
Selection point 73

Selection rectangle 26, 27, 29, 42

Sequence 88
Sequential
correlation 43
Shaded Relief 120
Shape Files 7
Sharp <--> Blur 32
Shift-click 62, 71

classify neighborhood 83

classify selection 83
profile 47
Shifts 31, 133

All 31

down 48
Even 31
Left 31
left 48
Right 31
right 48
up 48
Short 109

Show Band List 23, 64, 69, 135

disable all 64

enable all 64
Show Info 135
Sigma 16
Signature 84, 99
Signed 13, 112
Slope

shaded relief 120

X 48

Xy 48

y 48
Sound 131
Source color

natural 89

saturated 89
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Specific Wavelengths 70
Spectra... 114, 134
Spectral Libraries
averaging 76
example of 75
format of 74
plotting 76
Spectral Plots 71, 83
examples 72
SRF 6, 109, 127
Sun Raster Files 6
Standard deviation 49
Statistics 24, 134
Stats Region 81
Stereo 121
Stereo glasses 121
Sun 6
Superimpose 68
Superimposing Signatures 77, 99
Synthetic cube 88, 92

T

TARGA 6
TEC 74
Temperature 125
Template 79
text
Saving 128
Thermal 125
Threshold 85
Tie points
GeoTIFF 11
TIFF 109, 127
Overviews 18
Tile 135
Toggle button 77
Top -> Bottom 30, 132
Transformation 63
matrix 119
True color 37
composite color 70, 133
Type | Error 96
Type Il Error 96

U

Underflow 25

Undo 131

Unsigned 13, 112

Use source spectra color
color selection 73
image products 91
library searches 100

Vv

Vector 55
Vector angle 79
Vector plot 105
version 5
Video 31

wW

Warp 58, 134
affine 62
non-linear 62
orthogonal 62
residuals 62
Water absorption 43, 72
Wavelength
*.wav 64
wvl 23
bandlist 64
header 23
Save *.wav 65
Wavelength File 23
Windows version
Apple events 135
band scrolling 66
carriage returns 128
Cascade 129
Classmap Editor 103
control key 5
control-double-click 47
Copy color 27
fatal error message 127
HyperCube version 5
icons 127
Info window 34
main menu 129
Open File dialog 6
printing 111
profile plots 47
Replace Color 38
screen capture 128
screen print 128
selection rectangle 26
system requirements 5
TIFF 6, 109
Tile 129
Wm-2um-1 125

V4

Zeros 128
Zoom 26
Zoomin 132
Zoom out 132
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